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This research repoart represents the views of the auvthor and dcoes
not necessarily reflect the official opinion of the Air War College,
the Department of the Air Force, aor the vaenadian Forces.
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Whittle, a design engineer with de Havilland Aircraft of Canada
Limited and inventor of the augmentor wing and ejector laitt
concepts, and Mr. A. M. Halkett of the Department aof Rh_-3jional and
Industrial Expansion who kept the techrnological advances betore
goverrmental decision-makers. These two proponents of augmentor
wing technology recently retired within a month of each other
leaving a legacy of achievement, each i1n his own right, and a well

charted course for development.
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AIR WAR COLLEGE RESEARCH REPORT ABSTRACT

TITLE: Augmentor Wing Powered Lift Technology: Affardable
Alternative to Enhance Tactical Airlift Capability

AUTHOR: John E. McGee, Lieutenant-Colonel, CF

> Remarks on the status and capabilities of Augmentor Wing
(AW) powered litt technology introduce a discussion of potential Air
Force needs satistaction in a variet, of atfordable aircraft
applications. A description of techrnonlogy capabilities and cost
comparison examples complete the background for the author’'s view on
current asnd future air force i1nter and intra-theater tactical
airlift operational and program berefits from this technology.
Competing technologies and AW applications an Short Take-0f+f
Vertical Land (STOVL) tactical ond strategic airlifters and the
adaptation of Ejector Lift/Vertical Thrust (EL/VT) technology to an
advanced pilot trainer aircraft and a Supersonic Short Take-0f+f
Vertical Land (SSTOVL) fighter, as in the Advanced Tactical Fighter
(ATF) arnd Advarced/Short Talie Off Vertical Land (A/STOVL) aircraft
are discucsed., International development of a joint technology
demonstrator and a naxt generation tactical airlifter to meet United
States, Canadian, United Kingdcm, West German, French, Australian

and oth2r allied requirements 15 suggested.
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CHAPTER 1

INTRODUCTION

The United States Air fForce and the Canadian Forces are
examining future tactical transport aircraft requirements. A
new tactical airlitter will be needed in both air forces near
the turn of the century as i1nventaory C-130s approach the end of
their economic lives. Even though requirements staffing 1n both
air forces is at preliminary stages, many similarities are
already evident. The economies of scale of the larger
praoduction run of a joint United States/Canada project would
benetit both air +forces. Coalition warfare interoperabilaity
wauld also be enhanced through the simultaneous introduction of
a common weapons system.

For almost two decades, the Governments of the United States
and Canada have been collaborating an engineering, wind-tunnel,
and flight research of the De Havilland Canada Augmentor-Wing
(AW) technalogy applied to Short Take-0Off and Land (STOL)
military transports. The salient features of AW technology when
applied to a C~-130 would be! faster cruise (M.8), greater
payload/range (40,000 lbs, over 4,000 rnm), superior STOL field
pertarmance, and ease of handling and flight path stability
during the loss of the critical engine during STGu landings and
takkeoffs (the bane of the earlier Aavanced Medium STOL Transport
LAMST] research aircraft..

The i1dea for a joint U.S./Canseda project to demonstrate these
cepabilities was conceived 1n 983 by Dr. Richard Detauer, then

Underusecretary of Research and Engineering, U.S5. Department of
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Defense, and is currently on the agenda of The United
States/Canada Aeraospace Systems Division Task Force. The logic )
behind Dr. De Lauer’'s focus on the AW C-130 marriage is clear: \30:
the aircraft is currently in production, it approximates the 'y

y
tactical airlifter requirement of most air forces, but needs the s
enhanced STOL, cruise and payload/range performance, or 3

)
productivity, of the AW technology. The AW conversion of a ;
€C-130 would be affordable. Costs would be appraximately the ¥

same as re-winging and re-engining the C-130 (not an unimportant

x )

factor since the USAF buys its engines for the C-130 on a
separate contract from the aircraft itself, and the wings are

produced by the Convair Division of General Dynamics.). AW

e - g, ko

technology is equally applicable to an all-new tactical

airlifter designed to maximize performance and productivity

“x Ay oy

9ains.

The interests of other nations could also be well served
through the application of AW technology ta their future It
tactical airlift needs. The United Kingdom, and Australia have Iy,
candidate C-130 fleets as do a number of other NATO and third
world nations who would appreciate the affordability of the
praoposal. Since the AW technology is applicable to a variety of A
proven airframes, it would also be possible to convert the

o European equivalent of the C-130, the Transall, with the N
{ attendant economic, political and military benefits. N

The extensive effort which has gone into AW research and

)
ay analysis has resulted in a technology which is sufficiently

W
3‘5 mature for development in a variety of tactical airlift

applications at low economic and performance risk. The i
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s -

atfordability and practicality of AW technology solutions to

e

o *
Q} tactical airli1ft problems and efforts to support their joint §
r ¢lo
:"':“' '
:mﬁi production will be the main tocus of this paper. Ty
Kk Yy
’ Joint research is also in progress on a derivative ejector ®
O ";
frﬂ lift technology for a Supersonic Short Take-Off/Vertical Land ‘k
39y :
K (SSTOVL) fighter type aircraft. (It was De Havilland Canada's 2
t:ag‘ .:”
N ejector-lift technology which formed the basis of the De =
‘. Havilland/General Dynamics E-7 SSTOVL research aircraft). In the t%
“:J X

ﬁ interest of time, fighter developments, including potential ;

i
R &,
pi1laot trainer applications, will anly be discussed briefly at e
W'y F

"d Chapter VII. l‘
s by
~:, MILITARY AIRLIFT - HISTORICAL INSUFFICIENCY. ?z
) (]
) W "C
ﬁj Military histary is full of examples where the air land or 3

-~ 'K
ﬁ: air drop in-theater delivery of troops and war-fighting materizl a
>3 b

3 was key to success in combat. In World War II, aircraft design ¢
b, D
h q.":,.-"\b )
ARG and strategy evolved to include not only combat, but combat *
b\ su;:n::cwt‘l in a more camprehensive definition of air power. ;”
"1-. o
”1 Recognition of the operational canstraints on the delivery, "

- ‘h !
) ‘e
E) timing and sustainment of combat which is attributable to a lack :
;} of military airlift was evident from those early days.2 The i‘
I‘ ‘
) nature and capability of military airlift evolved further during 3
o Q'
T, " !
! the next forty vyears as United States and allied forces, 5]
L‘_ [T
iy variously, fought in, defended, sustained or otherwise -
‘ 3
LS
E participated in the Berlin Airlift, the Suez, the Cong9o, Israel, S
{H Korea, Vietnam, the Falklands and Grenada, for example.
ﬁ' Following Warld War II, the United States adopted a strategy !
> L

)

1, [}

s of deterrence through forward defense requiring continual global .
K :
‘V’, resupply of forces permanently stationed outside of the
RN
[
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Continental United States, and the rapid deployment of forces
committed to alliances or reacting to threats to vital United

States national interests.

“The people and dollars we devote to defense cannot be
employed effectively without efficient processes for

) the rapid transition from peace to war -- mobilization
} -- and for the timely movement of forces to the battle
\ field -- deployment. Cur ability to mobilize and

deploy our forces rapidly is as impoaortant to our
deterrence strategy as the warfighting capability of the

;: forces themselves.". . . "This strategy serves as a

t powerful deterrent to aggression. To support it we

\ maintain: . . . -- Projectian forces capable of rapidly
: transporting our active and reserve forces to the

location of a conflict.

5 As the supply-line stretched, airlift capacity, the core of
: these "“projection forces", did nat keep pace. In the seventies
Y

.; Army doctrine and modernization were based on larger and heavier
i, vehicles impacting the design of military air transports, and

X S

G further exacerbating airlift shortfalls qualitatively and

X

» quantitatively.

: “The U.S. Army spent a great deal of money in the late

- 1970s to "heavy up" its divisiaons, thinking in

; particular about conditions on the European central

front. Now it is enthusiastic about "light infantry,*
Ny relatively easy to transpart to trouble spots.
Unfortunately, light divisions are mobile by air
transport, but less so once they arrive on the scene,
because they have fewer aircraft and vehicles. What
approach is the right one? Either. It depends on what
you expect to need, and that involves imperfect

X knowledge and judgement. As usual, the safest is to
strike a balance - and dao some of each.4

-~

Congress directed the Secre“ary of Defense to define the

Pl Mt

o magnitude of the problem through a study of U.S. military

mobi1lity requirements 1n 19281 which DOD completed that April.

-~ In response to defense guidance to provide a minimum level of
N
2 airlift capabilty, the U.S. Air Force published an Airlift
Dy

Master Plan in 1983 which detired the size of airl]lift and the
>
iy
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+leet mix, including Initial Operational Capability (I0OC) of the

Y 3 C-17 strategic airlifter in 1992.

“Of particular significance, none of the proposed
increases actually satisfied the shortfalls identified.
They were merely fiscally realistic goals. For airlift,

M the recommended aobjective was an additional capabilit-

of 20 million ton-miles per day beyond the 446 million
'y ton-mileage level projected for FY 86é. This total of

g\ 66 million ton-miles per day has become the accepted

goal for U.S. airlift capability.*

A The 66 million ton mniles per day refers to tonnage to be

N« delivered aver lang (strategic), or intertheater, ranges aon C-$53,

A

.

-~ -,

-

C-141 and C-17 type aircratft.

"The scenario used in sizing our forces is a worldwide
caonventiaonal conflict with the Soviet Uniaon and its
allies. This scenario severely challenges our
mobilization planning and deployment capabilities
because it recognizes both the ability of the Warsaw
Pact to launch a major attack on NATO with very little
warning and the significant advantuyges the Soviets and
their allies enjoy through their proximity to several
critical theaters -- Europe, Southwest Asia, and

N Mortheast Asia.*

> While the important requirement for strategic airliftt has not
yet been satisfied, planned acquisitions provide a solution by
the end aof the century when the C~17 praogram will be completed.
As alluded to above, strategic airlift is not the only prablem,
but it is an important starting point for the discussion nf
tactical airlift which is the theme of this paper. The t oaps
and materiel to be moved within, or intra-, theater are linked
directly to the deployed forces and their sustainment. Thus, a
review of the strategic a.rl:ft analysis was a prerequisite to
the discussion of the next military airlift problem to be
solved: a new generation tactical airlifter +or the intratheater

mavement of troops and materiel -- a field currently dominated

. by the C-130.

I -5- Lt.Col. J.E. MfGee CF
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Distance is not the dominan” factor in intratheater
operations and capability is measured in tons per day. The
current USAF C-130 fleet can move 9,200 tons per day:7 a
capacity requirment which is unlikely to diminish, thus could be
@ minimum, or floor, capability level.

The C-130 fleets of the USAF and most of the allies will
begin reaching the end of their economic lives in the first
decade ot the 21st Century. Even so, another 15 to 20 years ot
operatians will tax the ability of air forces to support the
earlier model aircraft approaching 30 and 40 years of service 1n
a harsh operating enviranment.

When the C~130 was developed, its design was subject to
ridicule and its success was not anticipated. The design and
success of the next generation airlifter cannot be approached 1in
like manner. First, the need for tactical airli1ft 1s too great
to be left to such chance. Second, the cost of producing a new
aircratt dictates a systenatic develaopment. As large numbers of
this fleet of some 1800 aircraft begin to retire, replacement
becomes more practical. Once the C-17?7 enters the production
phase, a new tactical airlifter for the USAF will become
budgetarily practicable.

FINANCIMG AIRLIFT

In spite of the overwhelming need for military airlift, the
funding of pragrams has never been easy. The delay and
stretching out of the C-17 program 1s a case 1n point. Now, the
Gramm-Rudman-Hollings amerndment has the potential of 1mposing
dutamatic spending constraints on DOD which would seri1ously cut

across all defense pragrams. Milrtar, s1rli1ft programs are at
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fragile stages and could be criopled if the ——
i1 Gramm-Rudman-Hollings amendment is triggered. Even if the vﬂ

automatic feature is avoided, DOD is unlikely to enjoy the \

relatively easy approval of Defense programs of the past five QL;

4
:l"‘!;

vyears until the budget deficit is eliminated and the American O3

p ?33
N people are convinced that the threat warrants the expenditure. by
L

S i

Secretary Weinberger has eloquently stated the administration’s T
't

: ) " )
X view Df the need to sustain a strong defense budget in a recent f'x
; OO
\ article in Defense Review: . :
A ‘.'Q
NARS

“The argument that in meeting the current deficit g
B crisis, fairness requirevs cuts to be divided equally B
#e

between defense and domestic programs has a superficial
plausability. But consider this proposition. Some of

the needs addressed by federal domestic spending can ;ﬁy
also be met by state governments, local governments, qgw
nonprofit enterprises:, business and individuals. But m:.
X if the U.S. government fails to provide for the :};
3 nation’s defense, no one else can fill the gap. . .* A
. *Strength is the price we must pay for peace. Over the t{i
P past five years, the Congress has appropriated the funds eord
N to restore our strength and to secure the peace. If we Al
persist, we now have the prospect of the moest far- !
) reaching agreements ever achieved with the Soviet Union s
b to . . . overcome the threat of nuclear annihilation. &5§
But such agreements can aonly be achieved if we . ¢
negotiate from strength . . . * ;”ﬁ
“The choice is ours: we can buy the forces required to 'L‘&
| secure freedom and peace for ourselves, our allies, our

: descendants} or we can meanly conclude it is taoo great ey,

an effort, falter and thus yield to the forces of s
totalitarianism and tyranny.” NG
Notwithstanding the poignancy of the Secretary's assessment, “:5
the administration and Congress remain in a classic standoff of _‘;;
B ':.‘:\ ]
? +oreign and defense versus domestic spending priorities. One \ib
]

t canclusion which may be drawn from the economic crunch facing

DOD is that the opportunity to enhance operational capability y;P

AN
with more affordable programs will be paramount. Thus, the AW uy.‘

AL

‘ ‘ mi\*

technology should realize high priaority. '?}

=

v L 7Ny
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CANADA/UNITED STATES COOPERATION Qﬂ
DY,
As a natural consequence of being each other% largest trading quﬁﬁ
\,'.,"\-ﬁ:‘ 3,

partners, there is a strong tradition of industrial and T

governmental collaboration between the United States and Canada.
Canadian Forces modernization in recent years has seen the
largest ever peacetime orders placed for American-made aircraft.
In +tact, ever since the cancellation ot its own CF-105 Arrow
fighter program in 1958,9 Canadian military aircraft have almost
exclusively been procured from the USA. Still unsatisfied
requirements mean substantial future orders remain to be placed.
This is certainly the case in tactical airlift where Canada not
only has a need for reasonable numbers of aircraft, but has a
significant technology contribution to make. Moreover, the
Canadian aerospace industry has a solid reputation for building
quality components for all of the prime US aeraspace

manufacturers.lo

A large segment of the Canadian aerospace
industry is earmarked to supply the US defense effort within the
context of a cooperative North American Defense Industrial Base.
Large volumes of work for US forces are undertaken annuall,
through the Defence Development Sharing Agreement. Partners in
NORAD and NATO, a partnership in aircraft production is a
logi1cal progression of the relationship.

As discussed above, Dr. Richard De Lauer suggested that tre
Canadian augmentor-wing powered 1ift technoloyy concept could
interest the USAF when applied to the _aockheed C-130 aircra+ft,
at a meeting in Washington in April 1983, 11 Follow-up briefings

were given to USAF, USN and NASA12 officials on September 19,

1283 and again with the USAF in November of that year. In 1984
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a USAF team from the Air Force Laboratories at Wright Patterson

13

Air Force Base conducted an audit of the technology and gave

it a3 strong endorsement. As a result of their recommendations
for a more maodern technology engine, dialogue was initiated with
Pratt and Whitney and General Electric. Pratt and Whitney
enthusiasm for the project led to their proposal of the PW203?
turbo fan which was briefed to officials in USAF, Systems
Command and MAC HeadqQuarters i1n 1985. Discussions are ongoing
among De Havilland, Boeing, Pratt and Whitney and Canadian
Government and US Air Force officials to determine how a joint
project for a modified C-130 demonstrator might proceed.

President Reagan and Prime Minister Mulroney reaffirmed the
Canada/US Defense Development Sharing Agreement and the need to
strengthen the North American defense industrial base at their
first summit, in Quebec, in March, 1935. In October, 1985,
Secretary Weinberger and Defence Minister Nielsen agreed to
address, as a matter of priarity, the issue af joint
participation in major projects. The €-130 Augmentor Wing
Powered Litt Demonstrator was upecifically 1dentified during
their discussions and is being suppurted by the technical stafts
af both courntries and the joi1nt Defense Trade Opportunities Taak
Force.
SUMMARY

Augmentor —wing powered li1ft technology has the potential to
combine conventional fi.ced-wing ai1rcraft with exceptional short

tatte-off arnd land fiwld porfurmance while enhancing cruilse,

paload and range capabilities, ond hendling characteri1stics,
particularl,y 1n the engine-cut wLasve. The technology 1s
{ -9 - Lt.Col. J.E. MSGee CF
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sufficiently mature that this can be achieved at low

technological and fiscal risk. Related work extends to vertical

¥y take-otf in transport type aircraft, and in pilot trainers and
fighters, using a txlt-wing‘and ejectar-lift and vectaored thrust

& respectivel y. A range of alternative applications of thas

# ” technology provide affordable solutions to upgrading the

™ performance of inventory or future design tactical airlifters.

w& The opportunity to reduce the unit cost of any of these

:ﬂy solutions exists through joint development and production by the

United States and Canada as well as interested allies.
L Amplification of these views 1s discussed in succeed.ng

¢ . chapters.
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+or Canada, June 20, 1985, p. &:11; and see Canada’'s Aerospace
Industry: A Capability Guide 1985-36, (Toronto, Ontario, Canada:
Aerospace Canada International, 1985). While not the subject of
this paper, the Canadian aerospace industry very likely has the
engineering competence to produce these aircraft as a national

aerospace program. Complementing De Havilland's design
engineering and STOL expertise would be Canadair with experience
in producing large aircratt (of C-130 size), turboprop and jjet

transparts, pilaot trainers and supersonic fighters, and a number
of component manufacturers who are now supplying U.S. aerospace

primes. The capabilities of McDonnell Douglas Canada and the
recent purchase of De Havilland by Boeing further extend the
capability. The manufacturing capacity is not matched by

adequate risk capital, and there is no organizational structure
under which the individual caompanies could group to respond,
collectively, to any particular program.

11Canada was represented by Mr. T. Chell, Department of
External Affairs, Mr. D. Laoftus, Department of Regional and
Industrial Expansion, and Mr. J. Killick, Department of National
Defence.

12pr. Hans Mark, former Secretary of the Air Force and then a
Deputy Adminisrtrator of MASA, an 24 November, 1981, suggested
that the technology would be appropriate for carrier aircraft.
He mentioned, in particular, an AW 5-3A, but Lackheed-Burbank
did not return the January, 1982 visit by the President and
Vice-President Engineering of De Havilland.

131he organization and activities of the Air Force
Laboratories is explained briefly in, "Air Force Laboratories,"”
Air Force Journal of lLoqistics, Winter 19286, p. 33.
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.1 TACTICAL AILLIFT REQUIREMENTS L
N '..) B
L R
o:’ o X0
< s
Defining the requirement for a new weapons system requires an ::
; -y
e
; artful blending of the technologically possible with the o
¢ , N2
'+ operationally necessary and the affordable. The technologically s
§ 25
| possible, itself, requires risk trade-offs between new T
» -
ﬂ techrnology and incremental advances in proven engineering .
:' .’.h
R} )
LD design. Technolaogy considerations of the Augmentor-Wing (AW) '?\
iy R
B A
will be left to succeeding chapters. This Chapter will P
' ot
: concentrate an the operationally necessary - the requirement for o~
" 4 , =
o a new tactical airlifter. RO
. S
? TACTICAL AIRLIFT OPERATIONS ;f
; Tactical airlifters are rugged aircraft designed for t?:
. '-j‘-
3 . self-sustained in-theater operations. Their loads comprise the Ci{
N S
vehicles, equipment and troops of the army and, to a lesser =
W, U
extent, the navy and air force. Unlike civilian airliners, :ﬂ'
Tasd
n t'h'f
. rapid on- and off-load of wide-bodied rolling stock, air UV:
. o0
delivery via air drop or Low Altitude Parachute Extraction L
A\ . . . . <
’ (LAPES), in-flight refuelling and a variety of special ?{5
! s
" a
. . . . . N
; operations characterize the routine mission mix of tactical ;3}
’ o)
{ airlaifters. In western air forces there are a number of Nl
" tactical airlifters of various capabilities and capacitiesi e
A .t-'..1
4 however, mor=s C-130 Hercules ailrcraft have been built and used :;1
'-' '-<.‘
'y by ai1r forces than any other modern tactical airlifter. Thus 1t Lf

1

1s the C-130 which has come to symbolize tactical airlatt, and

which 15 considered to be the hraseline froin which to develop a

future generation tactical airlifter.

11 -1- Lt.Col. J.E. mMfGee CF
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() __:~ -
o - & Y
The threat to tactical airlift missions flown 1n Vietnam™, —
.; .-h_. 1
ﬂ the Falklands3, and Grenadaq is representative of the future .j:
Pt Y

» R
E combat environment. Of these the Falklands Campaign affords the ?;ﬂxf
0 u
unique opportunity to study tactical ai1rlift missions and the | 2
v\l

' Y
cambat environment from both sides of the war. The Argentine ﬁ»

3 ) e
\ ‘h"
" Air Force (AAF) considered their C-130s "i1deal for the mission, O
N

. but the aother aircraft were not, because they were basically e
. s b
a& airliners. " Most flights 1nto Part Stanley's 4,100ft by 275+t ’a:
;
strip were at night (a Royal A1r Faorce (RAF) bamb cut the 150’ ey

¥y
-
.-: -

width in half but did not restrict the length), and from about

&
’ A
" 100 miles out the airlifters would be flown at 50', on the radar '
" S
’ altimeter. Orn reaching the 1slands, terrain masking was used to 7?:
# o
O avoid being spotted by radar. Might landings were made without ;;
&
: approach aids, lights or night vision equipment. Operations :})
L) N
Rl
D e
) persisted under consistently poor conditions, but were cancellwa ‘:A’
RS S
S
B on three days when the crosswinds were 20 degrees to a wet — g
i . . Y
. rurway . One AAF C-130 was shot down by a combirnation of AIM-90L 4\
. "
e ‘ N
. and 30mm cannon. W
- » -
(', Py
N The RAF airlift problem differed from the AAF by adding the -
X complication of great strategic transit distances to the TJ
G ey
- . . . Ny
! tactical delivery requirement. Ascensian Island was the staging 'y
o
: Yy
' base: 3,700nm from England and 3,300rm from the Falklands. The
‘ -
~
f air e+fort to move personnel, equipment and suppliles across Y
v‘: -":'.
' these di1stances highlighted defici1enciles 1n s1r refuelling N
4 --\-
o o
} (delivering and recei1ving) and selt-contained lu: j-range S
O naviqgation capabilaty, Quict F1xes were 1mprovised. Probes 33
LY RN
o B
were attached to some C-130s and Victor bumbers (too late to be O
‘o :':\.
‘o) vueed 1n the war, other C-130s were firtted with center-line hoscsa . e
. AT
l .. _:-.
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through the carg9o door). To overcome the speed differential
between the C-130s and the Victor tankers, refuelling was
completed while descending at 235 Krnots (the Victor overtook the
C-130 which plugged in as the Victor came by). RAF C-130s did
not land at the Falklands. Supplies were air dropped into the
sea, in one-ton waterproof containers, beside a designated ship.
This was a time-consuming task as each container had to be
recovered before the next aone was dropped. The first such C-1J30
mission took just over 24 hours and covered a distance of
&, 300nm. "~

From these stories of a short, recent war we have seen the
C-130 performing the customary tactical airlift missions many uf
which are, or border on, the domain of speci1al operations:
flying in high threat envirorments, conducting routine and
unique air drop and air refuelling procedures over short and
excessively 1ong ranges. This 1nherent flexibility to project
tritra theater forces over inter theater ranges nets greater
missian productivity and must be buillt into future generation
tactical airlifters. The Augmentor-Wing technology could
praovide the needed capabilit,.

THE UNITED STATES AIR FORCE REQUIREMENT FOR AN
ADVANCED TACTICAL TRANSPORT (ATT)

The fore3oilng wartime account 1S a vivid aid to understanding
that the tactical military airl]lift mission - to carry the
nati1ornal war fighting capability to and within the combat
theater - requires unique capati1li1t, assets not needed 1n the
civil sector or 1n a perfectly peaceful world. For the United
Statzs, the war fighting capabilit, to be a1rlifted 1s
predicated on a two-pronged 3J)cobal strategy. In BEurope airiitt

11 -3~ Lt.Col. J.E. MGee C~7
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is needed to augment and sustain forward-deployed United States

forces. Elsewhere, it is necessary, first of all, to deplay the

needed combat capability, and then to augment and sustain it.
Secretary Weinberger's succinct analysis of both situations is
drawn from his annual report to Cangress.

YRapid reinfarcement is central to a successful defense of
NATO. Because the Warsaw Pact maintains a large active
military force along its borders with Western Europe, and
the road and rail networks would support a rapid enemy
buildup, NATO must be prepared tao reinforce its in-place
forces immediately upon receiving firm indication that a
Pact buildup had begun. The timely arrival of reinfarcing
units fram the United States would be key ta an effective
forward defense during the opening weeks of war, when the
risit of a Pact breakthrough would otherwise be high. Our
initial reinforcements would include six Army divisians,
60 tactical fighter squadrons, and aone Marine Amphibious
Brigade -- all of which would have to be delivered to their
combat positions, with support detachments, within 10 days
of a decision to mobilize. Given the constraints of
distance and timing, the forces would have to go by air,
and draw an equipment that had been prepositianed for theam
in Europe in advance. "8

As the strategic airliftt force delivers the estimated &6
million ton miles per day to Europe, 1t is the tactical airlift
task to redistribute the troops, materivl, praovisions and
repairables tao and fraom the forward areas. Tactical airlaft
would also move any prepositioned equipment which is at risk ot
being overrun, or which is needed in another theater at any
particular time,.

In South West Asia (3WA),

“The problems we would ftace in . . . deplaoyment differ +from
thaose of a MATO reinforcement in three respects: a Soviet
threat to SWA would take longer to materialize because of
the limited road and rail systems and the greater distancus
to be travelled; we have no forward-deployed forces 1n the
region;j and we, too, would have to contend with limited
road and rail systems, as wel) as limited port facilities.
A deplayment to SWA would require moving aur forces some

8,000 nautical miles by air (nearly douuble the distance to
Europe) and more than 12,000 nautical miles by sea (more

ARG 0\. SN " "y n"e:.."' '.!f‘!e'.‘%"' B NS ‘0. o -.‘-"-.'?' RIS

than three times as far as to Eui ope). At their desti-
11 -4- Lt.Col. J.,E. MGee CF
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%' nation, our troops would be operating from ports and air- ey
3 fields that lack the modern cargo-handling equipment found 3;
gs;‘< at European facilities. Moreover, since no US combat units ga
?}é& are based in SWA in peacetime, we would have to deploy an o
5 entire fighting force, with all of 1ts support elements -- ﬁ,
) and do so very qQuickly.* r
F
A\ )
%j The military airlitter with its roll-on, roll-off capability *:
2 :'
;: is inherently designed for these combat areas which lack, ar e
t have poor quality, airfields, personnel and cargo-handling L;
. Ty
A t
;- tacilities where the redistribution task of the tactical airlift -;;
v |
3 ) ‘hﬂ
) fleet is compounded. b
n U
N vl
The USAF has 518 tactical airlift C-130s. The Secretary does E
E o .
¥, w I
o, not envisage any growth in fleet size, but the next tactical a%
A0
(F X
_ﬁ airlifter will require greater capacity or productivity, or h*}
H "0’;
. both. The speed and payload/range capabilities of an enhanced e
B )
& STOL Augmentor-Wing tactical airlifter provide the spectrum of Q&
. >
r
S R capabilities needed by the United States. f*;
o %
Y THE CANADIAN REQUIREMENT
¥ . . . : . o
.: The Canadian requirement +or tactical airlift ditfers from &.
) b
[, T,
J the United States in two distinct ways. First, Canadian defence $\
b "
-t policy is predicated on national, not global, policy objectives e
» ~
;; except for two key alliances: MATO and NORAD. Secaond, since B
¥ LA
-
:. Canada does not have a strategic airlitt fleet for reinforcement Ei*
.' :’ I
4 e
N and resupply of European NATO, her tactical airlifters fall heir f
ﬁ to that task. The deployment and sustainment of NATO-committed ;ﬁ:
P -\
L o
P Canadian Forces require the entire airlift fleet: leaving no ﬁb
: 3
L aircratt for other priority national defence tasks. Even then .
g the fleet size is inadequate, as reported in two recent studies ¢f
. -~
. <.
. concerned with Canadian defence capabilities by the Senate of ::
N
P Canada, !© and the Canadian Business Council on National 22
o Issues.!! The sSenate Committee contirmed * . . . what 1t had -
LJ
K.
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I
)
{
%
expected to find:

4 Q:f
"l."; ‘:
Jﬁﬂ Air Transport Group's fleet lacks numbers, 1s over utilized M
] and suffers from increasing obsolescence.®" . . . *"Our ﬁhJ
-ﬂb‘ present Hercules fleet is 1nadequate and aging. It needs L0
\f to be almast doubled in size. Present holdings should be O
updated and life-extended to meet the variousorequirements -
W they are likely to face in the next decade.“l“ :
m$|
s :
?h The basis far the Senate Committee conclusion that the :

J
.l 1
"y airlift fleet needs to be almast doubled in size is the NATO 0
L
D)

Yy commitment requiring "extensive® in-theater operations as well !
;;L as heavy strategic airlift. This leaves no tactical airlifters 3
Wy
! to support Defence of Canada or Defernice of North America war A

tasks, or the continuing support tasks for which only tactical :
O !
2, "
t' . . . :

_j airlifters are suited. Moreover, "“NATO strategists now believe :
Mool 'y
ﬁlﬂ that a land war in Europe could conceivably last several ‘
Wy > X
Dt ot —
LJE months. 13  The longer the war, the greater the attrition and A
34 . !
- o the larger the requirement. ¢
¥ o
.}Q The limited size of the Canadian Forces authorized tactical ffg:

2 L
v,

airlift fleet (28 C-130s) compared with defence commitments has

L]
X resulted in utilization rates at, virtually, wartime levels. CF
o
f;ﬁ C-130s are flown in excess of twice the rate of USAF, or mast
(R X
~) other air force, C-130s resulting in faster aircraft aging, and
X
;ﬂﬁ the erosion of the reserve capacity aof a "younger" fleet at the ¥
&.
s, <4
nogl outbreak of war. Thus, the peacetime C-130 fleet could be N
A%
i doubled in size from 28 to S& c-130sl4 just to correct the
o A E
1% h
ﬁb uniquely high utilization rate by halving it. In wartime this
.zﬂ 3
) o) i
\A “doubled” fleet could be flown at twice the normal peacetime .
¥
. flvying, or utilizatiaon, rate and fulfill the current NATO
B
F&’ commitments.
DAt
h;ﬁ For years Canadian governments have expressed an interest in
)
‘,j’ ]
stronger Northern and Arctic defences. The CF-18 is tasked to
k&\.
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operate from Forward Operating Locations (FOLs)in the North, but
will require tactical airlift support. As well, all CF-18s can
be air-refuelled. The force multiplier effect of in-flight
refuelling praompted the Senate Committee to recommend the
acquisition of six tactical airlift tankers.ls
For the Defence of Canada, the Senate acknowledged that the,
“Canadian Forces must have the air transport capability needed
to airlift a brigade of troops to any Northern or coastal points
which may be threatened by disorders ar outside interference or

"18 fFleet size would depend upon the time within

incursion.
which the force was to be assembled and deployed and whether
this task is to be double-hatted with the NATO commitment, or a
stand~-alone commitment.

The Senate Committee looked across the Air Transpaort Group
(ATG) inventory and commented an the variety of dissimilar
aircratt performing airlift tasks. Citing the logistics,
training and operational benefits of commonality in aircraft
types, to the extent possible, recommendations were made on
replacing mast of the old CF aircraft with larger fleets of
fewer types of modern aircratt, Except for the call for more
C-130s, the recommendations focussed on utilizing aircraft
currently produced in Canada. An alternative plan i1s worth
considering.

The aircraft to be replaced include the nine venerable
Dakotas (C-47s), fourteen Buffalas (C-3Bs) and eight
Twin-0Otters. The Dakotas are Air Rewserve aircraft which have an
airlift role but limited capability. The Buffalos and

Twin-0tters have two roles: Search and Rescue (SAR) and tactical

11 7= Lt.Col. J.E. MGee C~




airlift. These 31 aircraft perform two tasks which the C-130 a1s

\l
" designed for and does in air farces around the warld: tactical ~-$
tog) (}?}\
vﬁ airlift and SAR. A common C-130-type airframe to replace these xﬂﬁ:Q
£ ot
Wt
31 aircraft added to the six tankers and the 58 required far the
W ¥
;ﬁ tactical airlift mission would realize the economies of scale N
) kS
5 | )
;5 the Senators were seeking and enhance operatianal effectiveness. A
3 &h
. Buying U.S.-made C-130s off-the-shelf would not address the need Iy
" &
43 ta stimulate the Canadian aerospace industry, which was the ‘ﬂ
o 'S
N

thrust of Committee recommendations for acquiring more of the

types of aircraft currently made in Canada. An augmentaor wing B
X . o;
i version of the C-130 or new tactical airlifter would satisty t
g g
i both requirements. The ninety-three aircraft needed to meet the :
:‘.: t'_:‘
P tasks identified by the Senate Committee would go a long way gl
- ;
g ok
5! towards the break-even point aof an an augmentor wing tactical t\
Y o
fﬁ airlifter project, making it a viable and affordable - F:
b {fkﬂ
b proposition. Acquisition of a fleet of this size using Canadian
S0t
A . . Y\
Q technology makes good political sense, even for a domestic w4
]

LY¢ ~3
%Q stand-alone project, althougyh the productian run might not be ;-
4] =3
[) A
i) quite enough to reach the breali-even point. A few small
=
%% customers added to the CF requirement could make the praoject nut
o
%
a$- only affordatle, but profitable. Clearly a requirement of this
') »

)
t »
,:; magnitude is an attractive nucleus for a joint project with a

£
h ) major partner who would share the risk and up-front investment
p
g' while cooperatively developing and phasing in the new aircraft.
ad
A
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:‘ OTHER MATION REQUIREMENTS
.
ﬂ“\x Approximately three years ago, aerospace 1ndustry
ey
"y representatives of four countries 1ni1tiated discussion On a
%f collaborative project to develop a C-130 replacement labelled
1)
‘: the Future International Military Airlifter (FIMA). The
k)
'ﬂ consortium comprised Lockheed (USA), MBB (Germany), Aerospatiale
L]
4 (France) and British Aeraospace (UK). The objective of FIMA 1is
.% for those companies to produce a single set of specifications
o)
:ﬁ that would meet the needs af their natianal air forces. Broad
e agreement has been reached on a single designj however, details
sgb
nd
L have been witheld from non-participants.
4
%y
;; What seems to be emerging from FIMA is an aircratt naot too
A
1 dissimilar from the C-130 aor the Troensall which would enter
v
‘ service near the end of this century. The aircratt must be
f?i} develaoped from the outset as a rugged military aiwrcraft
A
. optimised for intra-theater operations and built to low-unit
1\
[\~
:2 cost. Take-off and landing performarce must be better than the
¥
2* current C-130. Improved speed/payload/range 1s reguired to be
h capable of laong, unrefuelled flights with a useful payload at .7
1
)
N or .8M cruise. The RAF requires a larger cargo capacity than the
, current C-130 (De Havilland has done parametric studies of a
’
Lt
{ wide-bodied C~-130 which would likely satistfy this need. As
e
‘f well, the augmentar wing with its lighter structural weight
s
‘j would make the stretched C-130 more productive). These
: requirements almaost certainly result fram an analysi1s of the
\
-? Falklands Conflict as discussed above.
N
=a The early meetings of FIMA alsoc i1ncluded planning far
i
- strateqgic airlifters. In November, 19284, European Detence
s w
v 11 -9 - Lt.Col. J.E. MGee Cr -
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0
My
Ministers agreed to collaborate on a Future Transport Aircratft
l‘;;"ﬁ
(3 »
%:. (FTA) in a purely Eurapean caontext. In June, 1985 Ministers
e
LA .
L]
%ﬁ' urged that the work under the Independent European Prograrme
¥ "‘_
Group (IEPG) should be extended to include future requirements
S
¢
D for Airborne Early Warning (AEW), Maritime and Tanker aircratt
154
.Ni under the catch-all title Future Large Aircraft (FLA). There
‘ J
R
M does seem to be support for rationalising the military fleets of
"
3
'ﬁm large aircratt arqund a single design, essentially derivatives
“ .’;
s . s
%4¢ of a basic wmilitary airlifter. Initial Operational Capability
%y
({IOC) dates are expected to be between 2000-2010. The staffing
i
.:J of mission needs documents and staff targets is currently in
I .
W
::” pragress.
o
f‘; These two initiatives were planned by the Europeans as means
o
Ko of speaking with a single voice on their future airlift
:: T
A
.N; requirements - aircraft which could also be common NATO military
L't
R
N airlifters,and perhaps tanker, ASW and AEW aircra¢t. If NATO is
=, .
’ § to develop aircraft common to the entire alliance, discussioans
‘ ]
O~
;:& need to be opened with the Urniited States and Canada. Certainly,
Wy

the Canadian Senators havs called for this 1n their report on

A

military air transport discussed above. More impartantly, the

“-d;‘

Wy

ﬁl baseline requiremernts compare very favorably with the Caradian
1,

Y

)

1

-u_ and United States needs and the augmentaor-wing technology is
LM

tACS very likely the best wa) to achieve the low-cost, low-risk

I

g 4 performance benefits the Europeans seek.

W,

N Recent discussions between offici1als of the Canadian

g

s Department of External Affairs (DEA) and the Australian

2o

':g- Government indicate RAAF i1nterest in exploring the possibility
SPA

SR

e of converting their C-130s with the augmentor wing. The RAAF

...
%
a &

.D
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and Ct tleets are about the same size. No other details ot the ;.Q

" g,r

y\ RAAF requirements are known at this time. p;

0o e

B 4 g

b For all ot the differences in the descriptions, or F(.
N definitions of individual requirements, there are great avi

. ™
: similarities amongst the tactical airlift needs of air forces. Iﬁ&

. -“:
L These si1milarities could be the foundation of a cooperative .Q}
by [hdik)
-
K development project. The scope of such a project could vary J,h
L
5 L)
N from a techrnology demonstration of specially modified {ﬂ
» :K‘%

K Augmentor -Wing versiaons of the C-130 to development and ﬁt

; A
production of a new generation tactical airlitter incaorporating ﬁ.

' -

. the Augmentor-Wing. Current USAF and European planning centers K{:
§ SN

SRS

: on an all-new aalrrcratft. This may, 1in the end, be the mast o
t
[} A

RN

practicable solution, but alternatives will be examined 1n f

40

» succeeding chapters. -fa

.‘.\

L o,
*\' Notwithstanding Canada's technology lead, the 1nitiative and ;?
{) o

At

choi1ce for tactical airlift enhancement through a ma,or aircraft :

p !
o modification or new production aircratt rests with the iﬁi
: 3
. governmerts of those air forces which require sufficient numbeérs {;‘

!
to be able to amortize reasonably the development casts. The

& ru
] Euraopean cooperative approach commends itself to a broader group ﬁh

. Pt Ay

=

“ L}

of allies. The joint productiorn process is sti1ll]l fareign to :?\
t

North Americans, although the realities of Gramm-Rudman-Hollings ..
Y

. ma, eventually i1mpose such solutions. x}i
3 AN

o

1 .“ -l
X Currertly, USAF planners are examining their own requirement ;f\
. _'-:‘\

L Pud
tor a3 tactical airlifter at the turn ot the century. The +1rst

3 »

; step 1n the process is the preparation of a Statement of Need ;xx
; fSON) b, the operational command, Military Airlit+t Command (MAC) izﬁ
: ol

Heosdqguarters staff. Supporting studies are being coordinated
‘ o Ll
p N
--'_-.
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through the Requirements Planning Department o+ Aerospace
Systems Division (ASD/XRM), at Wright Patterson Air Force Base.
TACTICAL MOBILITY MISSION ANALYSIS (TMMA).

The first of these supporting studies 1s a Tactical Maobility
Mission Analysis (TMMA) ot the requirement for an Advanced
Tactical Transport (ATT) when the USAF C-130 aircraft reach the
end of their economit lives in the first decade ot the 21ist
century. The study is ariented towards the user’'s needs in the
operational combat enviranment envisaged during the life ot the
aircratt 1n the next century. Inputs have been sought fro key
Army and Air Force staffs (Figure 2] (particularly the Combined
Arms Center, Fort Leavenwaorth, Kansas and the Airlift Concepts
Requirements Agency at MAC HQ), responsible for doctrine or
operational planning. Considerable attention has been given to
the lessons of history, as applied to tactical ai1rlift, as well
as the thinking contained in the latest draft of the Airland
Battle 2000,17 tor example, 1n order to g9ain greater 1nsi1g9ht

into the intratheater tasks of the next centurvy.

Reflecting the times and the electronic battlefield, much of
the analysias 1s devaoted to threat, to include the need for
greater survivability through EW protectian, active self-defense

and the use of maneuver and speed at low altitude. Army and Air

Force planners share concerns over the need to minimize the time

aircraft and paratroops are exposed aover drop zones. Possible
solutions bei1ng discussed i1nclude paratroop drops at 250 Kts
fram 300 fect, squad or platocon si1zed airdrops aon pallets and
dirdropping on coordinates without slowing down. An AW ailrcratt

capable of rapid deceleration and acceleration, and safe and —
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comfortable low flight at slow speeds (e.g., &5 to 80 kts LAPES)

Wy

‘o

LY would provide an attractive capability.

s

! Gl

LS The maximum numbers of airlifters on the ground (MOG) is seen

>, as the critical factar in delivering airlift loads to airheads.

MY

& A sortie etfectiveness model {s being developed to determine the

.Y

N~

A optimum means of sortaie generation.le This will include

“1ab maintenance tactors, MOG, and the use of Iintermediate

¢

b

1N airheads.In certain scenarios, a steady and sustained flow of

[ *

)

k atrcraftt, as currently planned, could cholte the facilities and

) capaci1ty of the destination airfield. In such cases aircraft

~

~ would be held on the ground at an 1ntermediate departure point

b s:

>

@' avialting an offloading slot at destination before being

t’ avthorized for take-of+f. A high dash speed capability, such as

g

Le offered by an Augmentor-Wing aircraft, waould facilitate a future
Q:,

fy“& ai1-litter’'s capabilaity to respond.

TR

] Not surprisingly, the THMMA study uses the C-130 (updated to

ol

- the ,ear 2010), its strengths and deficiencies, as a comparative

- baseline. Industry respondents are co-participants in the study

-

- which was 1nitiated 1n July, 193S. Industrial participants will

I

"

oY consider and propose design criteria, techriology opportunities

-.

r and systems concepts for the new tactical airlafter, then join

AD 1n the cronduct of an internal evaluation, or validation, ot -

-.' ‘\:j
: theilr analyses. Study completian 15 scheduled for July, 1937. t,
3
» _.' N \..
o SUMMARY Py
: The USAF and her allies 311 appear to have quite diftferent

Y

i speciflc requirements for a new tactical airlifter. Yet, their
R

4,

_5 prupused solutions are strakingly similar., The baseline

- aitrcraft 15 a C-130, or scnswhat larger version of one, with

a gt

* !

K
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much iwmproved STOL performance, longer range, bLetter .

. 2
X payload/range, higher speed (M.3), and averall better ﬁ_yi
K et
D RN
5. productivity and efficiency,. Some ai1r forces need a tactical Mﬁ?¢‘
)

airlifter which can also operate over strategic rarges. Ariy air
% force would bencefit from this capsbility. The Augmentor-Winrg
e technolag, seems tailor-made for all ot these requirements.

‘ Subsequent chapters will discuss how.
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A Queen’s Pranter {4o0or Canada, Februaer , 1986), pp. x111-xv. r:ﬁ?;f
i
. Pibaa, p.2. %
E I
. '*1rhe Senators settled on 47 aircratt based on the task, but :{b
- without considering attrition or uti1lizatian rate. Fift, -s1x :xr
}: toactical airlifters would be required to cut the peacetime \ﬂ:

vy
0

tflying rate 1n half and 1t 15 the number requ:red to complete
' the mission within the time constraints and allow for 20 percent
¢ attrition. This assumes that the C-130s are fully dedicated to

the deplovment as no C-130s would £Ee availlable for concurrent
tashing.
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CHAPTER II1I

SPECIAL OPERATIONS REQUIREMENTS

The Special Operations Force (SOF) evolved from the USAF
Special Air Warfare Center (SAWC). SAWC was ariginally
established to train friendly foreign forces in the employment
of counterinsurgency (COIM) techniques in their homeland, and
not to create a new combat capability within the USAF.
Eventually, the capability in "low-level parachute resuppl/,
close air support, use of flares for night operations, assault
takeoffs and landings, psycholagical missions with leaflets and

wl was needed

loudspeakers, and other counterguerilla techniques.
by the USAF, itself, in Vietnam, Now, under the general heading
of special ogperations are several specific tasks currently being
performed by C-130-derivative aircraft which outline the
capability being sought in a new tactical airlifter.
EC-120H COMPASS CALL

The Compass Call is a specially configured C-130 aircratt
designed to disrupt enemy communications systems from standaoff
ranges. There are currently nine in service and DOD is seeking
sSix maore conversions.z
MC-120H COMBAT TALON

Trhe Combat Talon i1s a tactical support aircraft flown by the
Special Operations Forces. Its primary mission is to drop combat
personnel and equipment behind enemy lines. An array of special
navigating and self-protection devices help the aircratt f1y

through enemy airspace at ai1ght and at a low enough altitude to

avoid radar detectian. The 2i¢ force plans to acguire a total

111 -1 Lt.Col. J.E. M“Gee CF
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:’:‘.‘s 3
::0!: ’
s k3
of 35 Combat Talons, of which 14 will be modified C-130s8 and the .
it !
('4 remainder new-production models (MC-130Hs). All of the modified .
u%" A :xf_x
-
%ﬁg aircraft are already in service. Five of the new aircraft are Aot
n",}'z. J o
on order, with deliveries scheduled to begin in 1988. Together b4
Vo ® ]
oY W
’ﬂx: with the FY 1986 authorization, the FY 1987-91 program provides ¢
AN (
'.A funds for the remaining 16 aircraft, all of which are scheduled :
ity )
(A ’
A to enter service by FY 1993, 3 .
gty \
‘,&;%& AC-130 GUNSHIP ,
gﬁ% y
q$q The AC-130 is a modified C-130 aircraft whose primary mission ‘
e ‘
ils to provide support for special operations and far "
‘1.' \ ,
‘,»,“i , A 9 v
L\ conventional targets by employing 1ts highly accurate guns by
%,
o
Whil against enemy targets. The ailrcratt 1s contfigured with a
) 4
)
*T precision-navigation system, terrain-follaoawing radar, and
’
}ﬁ electronically aimed weapons. Deliveries of the 12 ;
‘ J‘:-' 3
4?¢ nevi-production aircraft will begin 1n FY 1990 and cantinue i
o "ﬁé
through FY 19292, offsetting the retirement of older-model "
Aol ¥
fic aircraft. The new gunships will help revitalize "aur" special
S
fiq operations forces.s A taste for the utility of the AC-130 is
i l‘:'_- ]
js‘ expressed by General Momyer:
_? _ The “...AC-130 and its sophisticated sensor system . . .
?34 proved the best weapon system . . . for [highttimel] target
’#ﬁ acquisition. With its low light TV or infrared sensor, the
# 3 AC-130 was able to mark targets . . . accurately . . for
3.# follow-on attacks by fighters . . . deliver direct fire
%. against tanks and . . . use laser designators [tol . . .
fﬁb' illuminate targets for fighters to attack with laser
',
ity bombs. ®
;l,"'l
ﬁ%. There are similar stories throughout the Vietnam War, but few
b) N
~:- capture the hostile envirornment or the variety of tactical
T
o airlift tasks better than the 111-timed, but Otherwi-e
P
ot | o
plu imaginative rai1d ta release prisaners at uar from Zon Ya,.
1,8
'i. High altitude “"strafing” by uuships oo oot Lha oaly
e
o e
{o* I1I - Lt.Col. J.E. htuee C¥
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kY
fa offensive task ot C-130s. In a3 discussion of the use of 3aviet
Y

2;:‘ airliftars 1 Afghanistan, 1t has been said,

1§ N

e

[ﬁ " . . . the Soviets may be copying U.3. transport tactics
v used in Vaietnam, Some sources have suggested that AN-12
", Cub transports have been ussd as bombers by rolling bombs
:V down and off the tail roemp while in flight. In Vietnamn,

: the United States used 15,000-pound bombs dropped from

>, C-130 transports to clear helicopter assault zaones in the
hﬁ jungle. *
el SEARCH AND RESCUE (SAR)

J.

- Whern aone thinks of C-130s in the SAR role, the United States
) >,
n; Coast Guard (USCG) comes readily to mind. Their long ranging

3 patrols searching f0or and providing assistance to vesuels at sea
-

‘:‘ requilres the capability for sustained operations, high reaction
\

'{ speed, and low, slow flight in abysmal weather conditians. The
-
f. Coast Guard SAR task is representative of the peacetime SAR

-

- mission {n most countries. In wiartime, Cambat SAR i1ntroduces

-

=

:ﬁjV} new threrats to the rescue forces. In Vietnam the USAF SAR
. forces enhanced their SAR effectiverness through the novel use of
;? the 1nherent flexibility of design and function of the C-130.
i;:
;*' Tke USAF $found rescue was facilitated by exploiting the airlift
St
-~ (C-130s), gunship (AC-130s), rescue communications and caontrol
o (HC-130Hs),”? and ever in-flight 1efuclling capability (USAF

A

HC-130Ps!C and USMC KC-130s%) of the respective versions ot the

T
i -

-,

C 130. Time and circumstarnces were ri13ht for the "Herc," which

-

43pd
A
lt played a key role in the rescue of 2,353 souls.
Y
': Mow, the electronic battletield and the even mare
5 sophisticated air-to-air and surface-to-air Lhreatll sugjests ‘
.
N )
the re«<t generation rescue asircraft will require greater *
! -h
Y .
AN tnherent capability $or marnceuv. e. Ideall,, a SAK a«ircraft .\‘
»
[N 2 - .
. would have a speed range from zZwro (VITOL) to high subsonic
- Ll L[]
:.‘ ]
. b
] c . ‘f\
iz -3- Lt.Col. J.E. M-Gee CF o
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forward speed.

IN-FLIGHT REFUELLING

In-flight refuelling permits aircraft to remain on station
longer, to achieve mission lengths over longer ranges, and even
to avoid the loss of combat crews and aircraft which would

aotherwise have been lost due to a shortage of fuel, as happened

s0 often in Vietnam.
» . all missions going into Route Package VI were air

refuelled. . .Four fighters refuelled by a single tanker,

toolk on 10,000 to 12,000 pounds ot fuel each. . .more than

60 aircraft would take on fuel within a few minutes of

each other. . . sufficient fuel for . . . 1S5S to 20

minutes withaut afterburner in the target area before

turning home. . .comxng back. . .most...required another
air refuelling.”l‘

The USAF had before Vietnam primarily concentrated on the use
of in-flight refuelling as a means of extending the reach of the
nuclear strike force. The USMC and USN, on the other hand, had
exploited KC-130s to refuel tactical fighters and the USMC
pioneered the in-flight refuelling of helicopters in 196S. As
it was so well proven in Israeli attacks on Egypt in the 19&0s,

in Vietnam and in the Falklands, the in-flight retftuelling of

tactical aircraft:

. « . provided a totally rnew dimension to air defence and
attack operations by permitting 9greatly increased ranges
to be achieved by inherently short-range tactical aircraft
« . expanded the tactical options open to a commander in
the employment of air power by allowing him to switch
dircratt between tasks and geographic areas swiftly and
decisively. Time, so often at a premium in operational
situations, can now be utilised to much greater advantage.
This leads to flexibility of options, concentration of
force at the critical time and place, and surprise. These
tactors, and the improved cost-effectiveness in the
[ employment of resources which they offer, have been fully
{?{ accepted by US and British far-ces.1

3

D The cost-effective force multiplier effect to be realized
from arn inherent in-flight refuelling capability suggest all

,;:' Z 111 -4- Lt.Col. J.E. M‘Gee CF
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tactical sircraft, 1ncluding tactical airlifters, should be
capable of taking fuel in flight, and all tactical (and
strateqic) asirlifters should be inherently capable of giving

fuel in flight. It would not be practical for airlifters ta
continually carry the drogues or internal tank (however, a probe
or an external fitting for a probe could be flush-mounted), but
their basic design contigu-ation shculd include the plumbing and
systems necessary to convert them quickly to tankers as and when
necessary.14

The broad speed envelope of the Augmentor Wing aircraft is
well suited to air refuelling. Its M .8 cruise would permit
fighters to refuel efficiently at altitude [Figure 31, and the
1nherent slow flight capabilities would permit equally efficient
air refuelling of slower aircraftt and helicopters at lower
altitudes.

In Vietnam the C-130 earned a well deserved reputation for
its flexibility in a variety of roles. That it did so is
attributable to the persistence of individuals who prevailed
against the predominantly "party-line," or institutional

thinking. 19

Following Vietnam the SOF forces which used a
variety of tactical airlifters so imaginatively and effectively
in caombat and combat support roles were permitted to decline.
Urnique sbkills were lost and doctrine and tactics were nat
recorded. In spite of stated intent to beef up the SOF, little
tangi1ble evidernce eri1s5ts of a taop-down policy to salidify and
expand S0OF capabilities 1n spite of the known need. The planned

3ircraft procurement praograms c:ited above are badly needed. The

conviction with which DOD and USAF support SOF today will be

III ~-5- Lt.Cal. J.E. M%Gee CF¥
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" evidenced by the rate of implementation of these programs. <
) -
w .
W Y SUMMARY RO
" .
3% RN
& \ From special operations entailing unique surveillance 0
. capabilities, or the tactical support of low intensity conflict ¥
L
. i
g "
1:3 there has emerged a requirement for a tactical airlifter with A
)
&V$ high dash and low loiter speeds, which can operate independently z
L4 4 e
¢ at extreme ranges, and from very short austere airfields with :
o 3
: )
omm payloads up to 27,0001bs. An Augmentor Wing tactical airlitter y
Uty ¥
1t
ﬂ? with its broad operational performance spectrum would be a vast a
.0 ) .!
improvement over the C-130 in all Special Operations areas: ;
vl
[} ly'
‘y?{ Compass Call, Combat Talon, Gunship, Tanker, SAR etc. Its safe, X
WYy
§ ) [}
Q ¥ slow approach and landing speed and enhanced field performance %
e d i
: would open numerous shorter and narrower axrfieldslé while
¥ *.":s. .
{mt enhancing the likelihood of continued aoperations from bombed &
‘?Q runways and in poor weather. R
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reasonable number ot C-130s would be candidates for augmentor "
';';v’ t
RN wlng conversion., K
{;.‘l: A *' K
’ !
fgb - C-130 PL PERFORMANCE N
R
Trhe C-130PL pertformance predictions are juxtaposed with the N
‘\‘ I ‘
~: USAF Request for Proposal (RFP) performance criteria below: -
.".’ h
) R‘ SPECIFICATIONS RFP C-130 PL \
"lc ‘ 4
Y SIZE €-130 C-130 3
L WING AREA 1,700-3,12S sq +t. 1,745 sq +t. .
5 ASPECT RATIO 6.324-8 12 .
:ﬂ* THICKNESS/CHORD RATIO 12-14 249 .
o PAYLOAD 44, 000LBS 44,000LBS r)
oI Note:!: the C-130 PL carries an integral &6,200LBS ECM +fit.
Thus, C-130 fFL effective payload is: 50, 200LBS.
,q COMBAT LOAD 27,000LBS 44, 000LBS “3
AT DASH SPEED M 0.7-M 0.85 M 0.8 K
b fes RANGE WITH 36,000LBS 1&00nm 4,000nm t
! STOL WITH 346,000LBS 1500 feet <1000 ft grnd roll A
ha STOL <3&6,000LBS S00ft grnd roll X
RN vTOL 0-300 feet O achievable with
L
3 tilt wing.>. 9
;\ ENGINE 0OUT 10% Reductian OK Capable of SE T/0.% f
): #Single Engine take off at mid mission wt. (36,0001lbs. payload). F
‘ ; o
F. il The RFP specifications listed above combine the features of j
. the two "test" aircratt designs of the Advanced Tactical o
. ’ (.
Ly e v
O ‘
4? Transport Technologies (ATTT) study. The Augmentor Wing C-130 At
gb R
)
AN R
ﬂ* PL compares extremely wellj particularly in payload/range, STOL \
J
R and speed. (K
' )
W’ &8
YA weilght.
'r.- {
L) »
gb; The €C-130 PL retains the wing area of the original C~-130H. Iy
Y Design Gross Weight is increased to 180,000 lbs. with an h
. )
- overload weight of 205,000 lbs. .
,4, =
rﬂ Per formance. P
ey
e The thick wing provides the design advantage of low R
‘*,4‘ Iy
{ﬂ structurasl weight, and ample space for the cross ducting behind G
,.‘l'.‘ .“
» Y
; the rear spar., Operational benefits accrue from the high litft \
.JV‘E? without leading edge devices, and the greater flexibility in 1
"
s Vi -3~ Lt.Col. J.E. MSGee CF o
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pavload/range (trade-oft+) combinations due to the large internal

fuel capacity.
"The aarcratt 12 well suilted to er1ther a tactical assault
radius mission or to a tactical support range mission.
STOL capability ot the aircratt is defined in terms ot
fi1eld performance at the mid-point of a radius missian in
which payload carried out of the field is equal to payload
delivered. Also, it 1s assumed that the aircraft does rnot
take an fuel at the mid-point. "

Farnge.

A comparison of payload/range capabilities between the C-130
PL and the C-130 is made at Figure 6-1. The chart has two
deficiencies. First, it plots performance against the C-130 PL
Overload weight of 205,000 1bs, but not the C-130H averload
w=ight of 175,000 lbs. Second, 1t compares performance against
the same pavyload of 44,000 lts., when the C-130 PL is carr 'ing
an extra 6,200 1lbs. of electronic equipment for an effective
payload of S0,200 lbs, or 18 percent mare than the C~130.

Low Level Radius Mission.

The tactical radius at S0 feet above 9round level, with full
payvload, 1s in excess af S00nm. The radius can be extended even
further with smaller payloads and more fu&l! to the point where
additional fuel could be carried internally in tanker configured
variants.

Talkzoftf Perfaormance.

Taleoft distance with all engines operative is shown at
Fiqure 6-2, and corresponding lift-off speeds are at Figure 6-3.
“It 15 the cross-ducting which renders the aircraft controllable

a2t low speed and which permits payload and/or fuel to be

off-1ca3de=d 1n order to achleve a shorter +i1eld capability +or

special missions. In partaicular, te that takeoff distance out

s
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v

I
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of the mid-point with one engine dicsabled and zero payload 1s
approximately equal to the "all-engines" case with payload."5
Landing Performance.

The landing distance versus weight is shown at Figure 6-4,
with the correspaonding approach speeds at Figure &-5. Full
braking is effective two seconds after touchdown, but ground
roll has been calculated without reverse thrust.

AUGMENTOR WING TANHER

The C-130 PL has many advantages i1in the tanker role. Itgs
high altitude and high speed facilitate in-flight refuellisg of
fighters, and its euceptional low altitude, slow speesd
performarce facilitate helicopter refuelling. Its payload/range
flexitbility make the "KC-130 PL" [Figure &6-6) tanker sultable
for refuelling a broader variety of aircraft over wider-ranging
g=09raphic rendezvous areas. "The thichk supercritical wing
provides for substantial fuel capacity in the wing box which
then avoids the need to carry fuel e.terrnally. In the tanker
role, fucelage tanks are fitted holding about 23,0001b of

w6 Figure &-7 shows transfer fuel versus radius of action

fuel.
for the augmentor wing version of the C-130 versus the tanker
version of the C-120H.
ADVANCED TACTICAL TRANSFORT
The LUSAF search for an Advarnced Tactical Transport (ATT)
under the Tactical Mobility Miswsion Analysis (THMA) studies 1s
matched by the Future Internatiaonal Military Airlifter (FIMA) un

UK, France, and W.Gwerman., and the Canadian aughientor wing

development known as the Ad.. nced ZTOL Transpart (AST). These

esr o e

have much in commor.. The, all Luroe coosentiall,y grawth versions
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of the C-130 (in the 200,0001b plus categor /), have two or three
turboprop or turbofan engines, and have improved STOL, -f;
payload/range and speed performance: the 1ngrediéents tor a joint

or collaborattive, or “caoalitiaon," development program.

"The historic 1ntent of the Congress remains as clear today
as 1t was in 1ts early charge to the [(Secretary of Detensel
~--to assume respaonsibility for enhancing etfectiveness,
economy, and efficiency in management activities common to
more than one military department.

"What 1s differznt 1s that vastly greater threats now
demand cooperation and «fforts to achieve combined
effectiveness inh ways which cauld nat have been fareseen
when Congress enacted the DOD charter into law."7

When writing those words, Dr. Delauer did not anticipate the
estraordinary "threat" to DOD posed by the Gramm-Rudmarn-Hallingys

amendmzrnt, or the congressional and public pressures ftor DOD to

tighten its belt. Dr. DelLauwr was a strong advocate of warking
more closely with the allies 1 joint R & D. Was hi1s 1nterest

e
based on the knowledge that the ally 1s more likely to ;ﬁ”

participate irn the deplovwment of a system 1t can point proudly
to and say "it was made here?” European consorti1a have been

very successful in implemerting sharsd wedpons system programns.

Some of those programs ma, nat appear to have made sound short

term "business" sense beCause trhe per unit cost 1s relatively !

hi1g9h. The lang term benefits fram a stronger Eurupean

industrial base, higher levels ot employment and the j

international political and trade benefi1ts ot cooperative d
&

ernterpricse and detense systems development will pay handsowme i

future dividends compared waith the 1nitr1al investmont and higher

per nwnait cost in the earl, ,cvars. Trnowe voehe proessules whioh

c3used our European alliea to jointl, producte the Jajuar,

Tornado, Transall and Alrbus, tor o.anple, are wounting 1 MNorth efw'

vI - Lt.Col. J.E. MGee Ci
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) America. It is time to ;0in in a cooperative military aerospace %’
; =Y
X b
Q . program, and the augmentor wing technology provides a timely and ﬁ=
S "c.' ~ .i.,' i
N : , ‘ :

TN ettective vehicle. Secretary Weinberger's report suggests that g

Congress may be leading the wa) with its suppaort to certain 3

N -
;4 other coalition programs. :ﬂ‘
3 o
) *The Congress provided strong support for U.S.--alli1ed arms .ﬂ
B » cooperation in FY 19846 by wwarmarking $200 millian far NATO Lo
y cooperative research and developwment programns, o
A8 appropriating $100 million i1rn new funding for these x;'
H} cfforts, establishing a program for side-t/-s1de ?,
., comparative testing, and passing enabling legislation for 0
-
‘: flexibility 1n contracting."® -
It may be argued that $200 M 1s not much. That depends on .
:
f whether you are looking down from 35 billiorn or up from zero. ﬁ:
s R
o, It is an 1mportant opener - particularly when multiplied by the bn
) : ‘-
{v number of contributing participants. b
; 3 ‘-h
~ Dr. Delauer's article went on to pose four Questions to test e,
o e
- s
Y . the validity and worth of joint projrams. ol
\*\ N .‘*v

-
€
¢
I

-

Trhe +irst criterion: "Where will 1nvestment 1t these tools

- make a real differerc2?" "Ecaonan, ond efficiency are still ?:
n.: ,:’\_
X Caornerstones of any cooperative etfurt. But the bottom line must v:
.* >
"y .
2 remain combat effectiveness. "Achi1eving that gaoal at the lowust
o possible cost is our common purpose.” {}
~; _-:."
~ "The second criterian 1s! "Wi1ll the j;oint effort support our -
b o
» . .
4 military doctrine?" =
¥
" The third criterion 1s! "Is there joint agreement on the \{
o .
8 - o
W mission nesds?" po
".. \-‘1
Q -l
The fourth and last criteri1on 135! "Does 1t make sense "’ ;
o
a In answer to the fi1rst question, 6 pragram is most likel, to be ﬂf
(Y .‘A..
- N
. implemented at the lowest possible cost when there are large -
) RN
a—!EE rumbers ot the same 1tem produced, and whern the de . lopment and ~
3 ’ « 4
v, oy
s . - N
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‘Hﬁi production risk is low. As may be seen from the requirements J
gt .
(AP ) i
DY)
(L) . o
ﬁﬁt chapter, with any combination of allied partners in a g?¢
!:':':‘ “.I(“.;‘, d
W cooperative augmantor wing program it is likely to quickly
Wi achieve t:e numbers of aircraft needed for a "laowest cost” ;
R
#% production. Indeed, it might be argued that the partners
?Qﬂ Canada for example) would be more likely to reequip more of \
) :
| & their force with augmentor wing derivative tactical airlifters
¥
’ﬁ\ than off-the-shelf aircraft of foreign manufacture. With
A
yf% respect to risk, the augmentor wing technology has a substantial
:¢¥ technical data base from the joint Canada/U.S. technalogy
Q! h
Qa' research programs. The research aircraft and wind tunnel :
ﬁ‘k A
vy, t
1fﬁ projects have reduced technical risk to a minimum; thus, the X
F: program may be seen to be well down, in the crossaover area of,
Y (el
Jﬁ' the risk/cost praofile chart used L, the Executive DOffice of the '
td
O
K .'."-P PR
5‘) President in systems development decision making [Figure &-8). Lt

In fact, the technology for eng9ine and augmerntor wing both is

N X ]
TN

sufficiently advanced that an all new tactical airlifter could

- J.‘l“IJJf.ﬁJ

[ A

be built without a demonstrator phase, and by using the first

Y §
oy

production aircraft as the prototype.

o (%

<
o

,}wj In answer to the second criterion, augmentor wing development

ot
Y

Aﬁ&{ supports military airlift, combat search and rescue, and special

) ‘ '

L J
[d]

operations doctrine.

N The third criterion is equally easily answered. Each nation
N
e i o
¥, cited in the requirements chapter has agreed on mission needs
?ﬁ; which are comparable to the other nations. Maoreover, the
[
:g. augmentar wing technolougy meets or exceeds thaose needs.
) .0: 4 :
)
:ﬁh To answer the fourth criterion, yes, 1t makes sense. It )
M — |
e makes ecoromic and political sense, but more importantly, 1t c?ﬂ3
v .
H. U
5 (
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makes operstional militar , scense. Thi1s 15 & rare caombination
i
*izs. which should be savored.
Bl
X r}\\;~1\\P N
\ﬁ—uu The augmentor wing tacrtical ai1rlifter meets Dr. DeLauer’'s

criteria for a joint program.

‘ﬁx FUTUURE LAKGE AIKCRAFT (FLA)

-

‘5f The Eurnopean FLA envisages strategic airlift, Airborne Early
"l

Warning (AEW), Maritime Patrol (MP or VP), and strategic tanker

"

. requilirements being satisfied b, respective variants of a caomman
?% airframe. Requirement details are not yet known, but the
E)

)

ajircraft is likely to be between C-141 and C-17 si1z&, with the

9;? smaller C-141 size being more appropriate to the maritimeé role.
g The Boeing 707 may be considered an early U.S. version of the

ah

il FLA - although it does not have the wide-bodied oversi1ze cargo

:j; capacity, it has performed all of the aother roles except

-

‘Ei maritime patrol (a 707-320 was a seri10us contender +tor the

i AP

f’ﬁﬁﬁ' Canadian Laoang Range Patrol Aircraft competition 1n the mid

f i 1970s) . The European aerospoce 1ndustry 1s undoubtedly trying

"%

;3 to emulate Boeing’'s success 1n building multiple mission

military derivatives of a commorn air frame.

22

r]

De Havilland has conducted parametric studies of three and

.

- SN e -

four engined airlifters up to 500,000 1bs. Payloads equalled 25

N

)

'Q percent of design gross weight. Wing areas were predicated an
’r: fuel capacity for the stated mission stage length and then

o

;jg increased incrementally to 130 per cent of requirement. Using
N

ra? an 8,000 foot strip for the original mission takeott, 900 to

Ay

o 1100 foot takeoffs are practical at the mid-point. (whereas a
o

.~

AL

;b STOL takeot$ at design gruss welght 1ncurs a moderate penalty in
-’.‘ "

e

3 fuel efficienc,, thus a canventiaonal takeoff roll is deemed mure
\. #\ 7

N
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0
3
.{ appropriate). The De Havilland research could be applied to the ¢
.ﬁ Y,
WO FLA series aircraft. While beyond the purview of this paper, ;‘??'
{~ -‘K)J.'\Q
X N o
O North American and European NATO requirements for modern L
L]
Iq maritime patrol, and airborne e€early warning aircraftt, and >
“
N N
ﬁ strategic ranged airlifters and tankers merging e€early in the b
g N
i& next century should be compelling motivation to develop a single N
‘ 4«
5 baseline aircraft for each role, and then to share in their iy
‘.-:) .:,
‘?J svstems integration. ks
i -
' v
-~ SUMMARY
o In this chapter we have read of senior US defense officials l
‘: and Congress encouraging joint development of operational .
. ;
N weapons systems. Based on Dr. DelLauer’s criteria for assessing g
: X
A s the worth of joint programs, the augmentor wing derivative ;
k) 4
|\¢ ) -
" tactical airlifter is, conclusively, a strong caontender for L
\.j ¢
L -t
'ﬁ cooperative international develapment. Up front, 1t meets P?b.
military needs and it is economically and politically practical.
-~ '8
-\ L)
:: Two approaches to the tactical airlifter are possible. One
| .r: Ll
<

is to develop a modern augmentor wing version of the C-130 (and J

&

Transall). The other is to develop an all new augmentor wing

L -
2? tactical airlitter. Either program could follow a flight M
e, -

N
:ﬁ demonstrataor phase, as descraibed 1n Chapter V, or procesd "
A y

directl s to the first production wsircraft to be t+li1ght test

P
.

AFCARA

-
-
articles and operatiaonal "protot, pes." The conversian of 5
»

[

W

current prodvction aircraft might ke the more econowmical short

A term path, and could have a spin-oft¢ program tao retrofit curreant

‘Lf fleets. The spparent economic advantages aof this option would

AQ:

. be offset by the 1nabilat, to develop a larger cargo area, or to

— advarce the enginecri1ngy, systems and maintainability to levels 522

; ,"‘, * N
~
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-

appropriate to a 2lst century design. It Iis not the purpose af

Tt y
r

i . . . . . ¢

> this paper to choose which tactical sirlift solution to pursue, i
B3t :
‘\YV‘ but to point out the advantages ovf the augmentor wing technology 3

v
_‘.
-

in any desired solution.
& The Future Large Aircratt is another opportunity for North
S American and Euraopean NATO military allies to join in a major
aerospace development with the potential for signiticant
$$ improvement in interoperabiity and logistics support. More
4 importantly, collaborative defense development efforts are more
likely to stimulate higher levels of allied defense spending
Y because of the direct benefits to each country’'s own ecanomy and

job market.
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NOTES
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; CHAPTER VI
)
] 1FY 1987 Report ot Secretary ot Daefernse Caspar W, Weirnberger

to Congress, 241%.
21bid, p. 241.

3Recently, De Havilland examined a tilt wing aircratt tor
t United States Navy carri1er aperatians. Canadair successfully
developed and demonstrated the tilt wing CX84 (a forerunner of
JUX) in the mid &0s. See for example, R.D. Hiscocks, "Aircraft
Design in Canada from Silver Dart to Challenger and Dash 8," 1n
Canadian Aeranautics and Space Journal, 30(2) (June 1984), 110.

T

4D.C. Whittley and P.R. Sully. "Recent Developments in
Powered Lift Technology," presented to the 1985 Defence Science
Symposium, Ottawa, Ontario, Canada, Movember 192-20, 19895, p. &.

R Swhittley and Sully, p. 7.
l‘
- S1bid.
S 7Richard D. DeLauer. "Blending Technologies & Management 1nto
. Joint Combat Effectiveness," Defense 34, July, p. 8.
)
? 8ey 1937 Report of Secretary of Defense Caspar W, Welinberger
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. CHAPTER IV

i%g ‘} TECHNOLOGY AND DESIGN FEATURES
o gﬁ&
ol
N Under the auspices of Aeronautics Systems Division (ASD), the
: Air Force Laboratories at Wright-Pattersan Air Force Base
‘§; (AFWAL) are examining Advanced Tactical Transport Technologies 3
<i (ATTT), Iin & study by that name, applicable to the Tactical
Ty !/
ﬁ%f Mobility Mission Analysis (TMMA) for an Advanced Tactical
‘éii Transpart (ATT) as described in Chapter II.1 The technology
‘ interests cover the spectrum of operational concerns expressed
.
;&t in the preceeding chaptersj however, for the purposes aof this \
28 .
§2 paper the focus here will be on aircraft design - specifically ;
RN
f% the application of Canadian Augmentor-Wing (AW) technalogy to
9 )
5;: tactical airlifters.
.*Sﬂ;mii ADVANQED TACTICAL TRANSPORT TECHNOLOGIES (ATTT). ;
' Rl Th; USAF technolaogy study takes the critical mission -~ the
o
2&7 resupply ot troops behind the Forward Edge of the Battle Area
28
QI (FEBA) or behind the Forward Line of Own Troops (FLOT) with an
)
\3 assault paylood of 27,000 1lbs. - as its baseline. In one
é?‘ representative regional or internal intratheater scenario a '
8, {
%L_ 1ight brigade (35-6,000 troops and equipment) is to be moved 2 to 3
iif 3,000nm in & haurs. The specified range is 2000nm aon a 49
fé alrcratt, or 3,000nm on a 2.17 to 3.129 aircratt. Terrain
;ﬁ following and terrain avoidance systems and procedures will A
3
;. require the design to withstand the stress loads of 30 degree g
L 3
éi’ weaves at 300ft AGL requiring 2.3 to 3 or perhaps 4 9.2 E
¢

' 2
) Two aircraft research, or "test", designs have been selected :
) ' )

¥ t
% to represent the technology spectrum which will be examined -
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before choosing a final developmental design. In each case the
C130 "box" capacity (2ft. high x 10.2Sft. wide x 41ft. laong),
which is capable of lifting a Blackhawk helicopter and other

field weapons, has been retained.

SURVIVABLE VERTICAL/SHORT TAKE OFF AND LAND (VSTOL)
LOW RADAR CROSS SECTIOM DESIGN.

In what is referred to as a "survivable VSTOL" design, the
aircraft would be “"optimized®” for a low radar cross section
{Figures 4-1,21, Larger than the C-130, its chiet features are:

a. Design Gross Weight: 223,0001lbs;

b. Two @engines of 40,0001bs thrust ea. with a 14:1! bypass;
ratio (lower if possible);

c. Wing area: 3,135 sq ft;

d. Aspect ratio: &.34;

€. Sweep: 35 degrees;

¥. Thickness to Chard ratio (T/C) : 14%;

g. Thrust to Weight ratio (T/W) ! cruise .3&, VSTOL 1.43;
h. Cruise speed: M.8 ~ M.85;

i. Payload: 27,0001bs;

j+« Range: 2,000nm~3,000nm; and

k. STOL: VSTOL(O-300+t.).

This design represents a radical departure fram the
“baseline” C-130 and its large wing area seems to contradict the
design aim of a low radar cross section. Interestingly, it is
similar in appearance to the de Havilland Aircratt ot Canada

(DHC) Supersonic Short Take-0ff and Vertical Land faighter

(SSTOVL), even to the point of including what appear to be

Vi

o

ejector~type l1litt devices.

w
-

SHORT TAKE OFF AND LAND (STOL) DESIGN.

AR 5

E The second design envisioned by Air Force planners is a more
)

L)

il

k: conventional-looking STOL aircraft [Figure 4-31. Its chief

M~

features are:

a. Design Gross Weight: 190,0001lbs.;
Engines: Counterratating turbo-prop/Unducted Fan (UDF);

c. Wing area! 1700 sg ft;
d. Aspect ratio: 8;j;
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. Sweep: 16 degrees;i

Ts7C: 12% rootj

Cruise speed: M.&6 - M,? at sea levelj and
Payload: 44,000 lbs;

. Range: 3,000nm; and

. STOL: 15S00+ft.

Ll SRV S

Trhhe above designs are not definitive, but representative of
two alternative approaches which might be capable of satisfying
USAF cperational requirements. Current developmental targets
1 lude?
a. Model fabrication and testing of a 1/16th scale VSTOL
model for VSTOL Aero/Propulsion/Caontrol effects in the
NASA AMES 7X10 wind tunnel by mid 19875 and
b. A Statement of Requirement for lift-engine data to go to
contract by July, 19846 (AFWAL li1ft-erngine work has been
with Rolls Royce to date).

USAF PROGRAM OUTLOOK

Approval in principle for a go ahead on a replacement
airrcraft project will be sought via a Program Objective
Memorandum (POM) to be proposed between 1988 and 1290. A
demonstration of the vali1dity of the design and concept would
follow between 1992 and 1996 with development and production
scheduled for 2001%. The Initi1al Operational Capability (IOC) is
ernvisaged in 2002.

CANADIAN FORCES (CF) PROGRAM PLANMING

The CF C-130 fleet will reach the end of its economic life by
2010 (as will many other air forces and aoperators of civil
C-130s). While the CF requirement has not yet been detined, it
will likely reflect the combined strategic and tactical nature
of taslks to deploy oversized cargo and troops to Europe,3 1N an
aitrcrott approximately the si1ze ot a C-130. The CF have been

following the progress of the DHC Advanced STOL Transport (AST)

{Figure 4-34] with great 1nterest as 1ts predicted pertftormance

4

v

- ’xf . «,/ -*(\a* g

#;‘-\-&\

Eakd

- Lt.Cal. J.E. M%Gee CF

PGS 19 \\\23*\

0

\e.\ \-.\A\
N 7 \ \j\ K

Tl



capabilities compare very favorably with CF requirements.

a. Design Gross Weight: 200,000lbs;

b. Engines: 2 or 3 turboprop or turbotan;

c. Wing area! N/A;

d. Aspect ratio: N/Aj;

e. Sweep:! N/Aj;

£f. T/C: N/Aj

9. Cruise speed: M.8 at sea level; and

h. Payload: 44,000-67,0001bs;

i. Range: 4,000nm; and

j+« Mid-Mission STOL: 36,0001lb. payload in 1,000+t or less.

EUROPEAN PROGRAM PLANNING
The four country industry consortium of Lockheed (USA), HMEBEB
(FRG), Aeraspatiale (France), and British Ae o>space (UK) are

collaborating on a European project known as tne Future
define a cimmon specification for a tactical airlifter for the

percent heavier, and deliver "useful payloads over long,
unrafuelled ranges: "

a. Design Gross Weight: 200,000-230,0001lbs. ;%
b. Engines: 3 turbaprop ar turbofan;

c. Wing area: M/Aj;

d. Aspect ratio: MN/Aj;

e, Sweep: N/Aj;

f. T/C: N/A;

g. Cruise speed: M.7 - M.8 at sea levelj)

h. Payload: 44,000-60,0001lbs; %

i. Range:!: "Long, unrefuelled;* and

j. Mid-Mission STOL: "Better than C-130."

% Based on a required 30% 1mprovement over the C-130.

RAF require better STOL perfaormance than the C-130, and a

minimum of 3 engines because of operations 1n a high thtocout

-

aircratt, for example, have been conducted uti1l1z1n3 ei1ther
Rolls Royce RB419 or Pratt & Whitne,y PW2037 engines. Mor eover ,
the engine-aut landing and t_.te-uff perfarmance of the

1v -q- Lt.Col. J.E. M Gee
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International Military Airlifter (FIMA). Their objective 1% to

NATO air farces. Campared with a €C-130, FIMA could be up to 30

."v
A "fr

environment. The augmentar-wing technalagy lends itself to tiaas

-

requirement. Parametric studies of 3 [Figure 4-5) and 4-engined
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augmentor-wing aircratt commends it, above all competing
technologies, to operations in a potential combat environment.
These requirements are generally cunzistent with Canada and the
U.S.
POWERED LIFT FOR STOL

United States Army orders for Beaver, Otter, Twin-Otter, and

Caribou STOL aircraft during and since the Korean war gave De

Havilland Canada strong support to develop its special

capability in producing "rugged, reliable, easy to operate and

flexible . . .“4 STOL aircraft. The Buffalo was also designed

S were a

for the U.S. Army, but the anticipated large sales
casualty to the U.S. Army and Air Force agreement which divided
the responsibility for fixed-wing (USAF) and rotary-wing (USA}
aitrcratt.

STOL 1s customarily known to offer field performance at the
expense of cruise performance. Augmentor Wing powviered lift
technology diverts propulsion energy to augment wing lift during
takeoff and landing permitting STOL aircraft wings to be
designed with little to no penalty to cruise performance.
AUGMENTOR WING POWERED LIFT

The augmentor-wing is an internally blown system which has
separate control over the propulsive and blowing components of

thrust, and cross-ducting [Figure 4-6)] to eliminate roll upset

in the event of engine failure [Figure 4-71. An ejector flap

[Figure 4-8) generates high lit+t which is particularly important
for safe and comfortable climb-out with one engine inoperative.
The thick supercritical wing [{Figure 4~-92] is the other key

caomponent of the augmentaor wing.

1v -5- Lt.Col. J.E. M°Gee CF
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] Ir. the earl sy days 0f powered li1tt few engines could produce
i

$. the bleed air needed for wing-lift 3ugmentation. Two rival

[A>™
P

,: technologies gained the ascendancy: Upper Surface Blowing (USB)
e
and Externally Blown Flaps (EBF). The deficiencies inherent in

)

Yy
gg trese two concepts, represented by the ¥C-14 and YC-15

N
o respectively, became apparent during the Advanced Medium STOL
8

>

! Transport (AMST) competition arid led to the termination of the
{

&. pragram. Aircraft handling during the loss of the critical

A , , _ .
‘s engine was judged unsatisfactory in both cases.

INHERENTLY SAFE ENGINE OUT PERFORMANCE
Aircraft performance in the critical engine-out case is one
of the significant strengths of the augmentor wing technaology.

” “In particular for the twin-engine augmentor wing aircraft
vihich was the subject of this i1nvestigation, it should be

el
- |,

i possible to accomplish a safe landing following an engine
“Q failure at any point in the final approach . . ."6
'+

s
;*ﬂ This is achieved by cross-ducting in the wing to counter roll

imbalance in the event of engine failure. The

K
uj propulsion/blowing engine provides proper thrust management to
Sy
oy cope with these demands, and in particular the ability ta
i/
:d perform a go around, or viave-off, without change to flap angle.7
& PROPULSION SYSTEMS
-
‘¥ Early critics of the AW concept decried the need for a new
‘ 4

- engine to provide ample bleed air for constant wing blowing
!
A

UR while forward thrust is being modulated. A uniQue engine is no Qa
2 ot
x. longer required. Both Rolls Royce and Pratt & Whitney have g&
fe )
I‘ based AW praposals aon madifications to existing engines. This Ly
It J ﬁfq
K~ | “‘- L
yﬁ reduces risk, cost and concern associated with engine ¢Q
; .
Rk A \' ;\
1\ development. Y
]
— De Havilland and Rolls Royce teamed-up to develop the
"
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split-+louw Spey on the Buft+alo Augmentor Wing Reseasrch Arrcratt
VAWRAY , and again 1n planning the three-stream RB41Y werngitie
turbotan [(Figure 4-10) and turboprop lLFi1gure 4-111 to power
C-130-s1zed ailrcraft. Recently, D& Havilland and Pratt &
Whitney joined to propase a derivative C-130 powered by two
PW203” engines [Figure 4-121. Ciniilar collaborative activaities
with General Electric (GE) are nut krnown to the author. The OE
Unducted Fan (UDF) could be used, but would likely require an
Auxilliary Power Unit (APU), or cther external source of bleead
air.,
SUPERCRITICAL WING
A major secondary bene+it accrues from the continued use ot wing
blaowing during cruise. Boundary layer cantrol from the blowing
air permits thick supercritical wing sections to uve tlown at
high subsonic cruise Mach number. Related benefits of the thick
Wwing are high lift for takeoff without leading-edge devices,8
reduced structural weight and additional space for fuel. This
translates directly into improved fi1eld performance, laonger
ranges and more flexible payload/range combinations.
AW TECHNOLOGY APPLICABILITY
The strilting feature of the AW technology is how well it

meets the needs of the air forces planning new tactical
airlifters and special operations aircraft.

a. Design Gross Weight: nominally 180-230,000l1bs;

b. Engines: 2, 2 or 4 turboprop or turbofan;

c. Cruise speed: M.8 at sea level; and

4. Payload: 44,000-67,0001bs;}

€. Range! 4,000nm;

§. Mid-Mission STOL: 36,000ib. payload in 800-1,000ft;

g. VSTOL: parametric studies done for the USN show

vertical take-of+t achievabiz with a ti1lt-wing and

excellent productivity usins a shart, or ramp take-off

and vertical landing,
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The chiet pertorwmance benefits wt the AW technology relate to

control stability (no raoll) in engine-out case, and virtually no v
8

Minimum Control Speed Air (V. ). Cate and responsive critical .

engine-out go-around [Figure 4-13]), without raising flaps, and

critical engine-out takeoffs. The thick wing provides more fuel

capacity with greater i1nherent operational flexibility to

interchange payload for fuel (rarnge) aor vice versa, high

ARt
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o
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T

subsonic cruise Mach, and 1mproved lift on takeaoff without

L ¢
oYy

r
ey

leading edge devices. Routine ground rolls would be in the

P
)

order of 800 to 1,000ft [(Figure 4-141 with planned payloads and
shorter wvhen empty. The technolaogy can be extended to a
tilt-wing design for vertical takeof+ and landing with low to
moderate risk by capitalizing on the thick wing and cross
ducting. The engine-out case, field performance, cruise and
payload/range performance technology requirements of the next
generation of tactical airlifters, including ATT & FIMA, are
within the capabilities of the Canadian/DHC powered lift
technology.
SUMMARY

The Augmentor-Wing Powered Lift technology as a candidate
advanced tactical transport technology affords a solution to
known USAF, European, Australian and Canadian requirements.
Marketing surveys conducted under the auspices of the Canadian
Government show interest in 3 number o0f other countries. The
DHC technology affards flexibility in choice aof propulsion
system and primary mission vehicle. Parametric studies have
been done for two, three and four-engined aircraft9 ranging from
a re-winged, re-engined C-130 &t 130,0001lbs. to all new aircraft
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) between 220,000 and S00,0001lbs. While the strategyic ranged e

L)

\ h,
RN aircraft will be braiefly reviewed, the tactical airlift projects )
)‘}_.-‘, .“fn
IR 4

'\‘., ot inter2st which wi1ll be examined 1n succeeding chapters are: :.(-
v .-

n a. Modified C-130 technology demonstrators .. ]

* .
‘Eh b. Modified C-130 production aircraft - (C-130FL); and =
K c. Mew design tactical airlifter. o
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1Negotiated Request For Proposal (RFP) 85 Jul 16, R-
Solicitation No. F33&615-85-R-011é6, Requisition/Purchase No. :‘

FY?615-85-01118. -

2This would approximate some of the maneuvers used by the

C-130 which evaded the MIG-21, as discussed 1n Chapter II. pYy
.

3Peport of the Special Committee of the Senate of Canada on vy
National Defence, The Honourable Paul C. Lafond, chairman. Tl
Ottawa: Queen’'s Printer for Canada, Issue No. 2, May 2, 1985, p. &:
2:9. ">
qJ.w. Sandford reviewing De Havilland’'s aircraft development F{
history 1n Canadian Aergnautics and Space Journal, 25(4) (Fourth /]
Quarter 1979), 3213 %
Sibid, 3263 and R.D. Hiscocks. "Aircraft Design in Canada £§f
From Silver Dart to Challenger and Dash 8," Canadian Aeronautics rv
and Space Journal, 30(2) (June 1984), 110. el
Sp.E. Sattler, M. Sinclair, S. Kereliuk and R.H. Fowler. "“An NG
Investigation of the Recovery from an Engine Failure in a Twin u:
Engine Augmentor Wing Aircraft Using the MAE Airborne Ry
Simulator," Canadian Aeronautics and Space Journal, 27(1) (First 5%}5
Ruarter 1981), 39. !
st

7The advantages of the augmentor wing were briefed to C;.
representatives of Air Force Systems Command on June 18, 1985, :J
Military Airlift Command, TRADOC and 23rd Air Force Headquarters \$'
on June 20, 1985, and USAF Headquarters on March 27 (including :7
JCS) and June 21, 1985, "
8DHC-DITC 84-9. Appendix to an unpublished “Test Report on a .t?
3-D Compaund Wing Model (WT-CM) in the NAE 30 x 30 Foot Low }3;
Speed Wind Tunnel," December 1984, p. 7. fi
!..-

9D.C.Whittley. An LUpdate of the Canada/U.S.A. Augmentor-wing
Project, Report to the S4th Meeting of the Fluid Dynamics Panel .y
Symposium on Improvement of Aerodynamic Performance through
Boundary Layer Control and High Lift Systems, Brussels, Belgium,
May 21--3, 1984 (Meuilly-Sur-Seine, France: Advisaory Group for o
Aerospace Research and Development (AGARD), North Atlantic ;El
Treaty Orgenization, 1984).pp. 4-5S.
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WING AREA.
ASPECT RATIO:

DESIGN GROSS WEIGHT:
PAYLOAD:
POWERPLANT:

ADVANCED
STOL TRANSPORT

ROOT THICKNESS/CHOROD:

1880 SQ FT

12

0.24

225,000 L8
60,000 LB

2 1 PW2037 MOD.

FIGURE 4-U
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ADVANCED STOL TRANSPORY
THREE R.B. 419 ENGINES
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CROSS-DUCTING SCHEMATIC

R TWIST IN OUCT
e AT AIRCRAFT CENTRELINE

¥ OlH- BLOWING AIR DISTRIBUTION
(ONE ENGINE INOPERATIVE)
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ROLL UPSET WITH POWERED LIFT"
-- ENGINE FAILURE ON APPROACH --

{E=——")

EXTERNALLY BLOWN FLAP (EBF)

A

\

A\

UPPER SURFACE BLOWING
(UsB)

*NOTE: THE AUGMENTOR WING PREVENTS THIS CONDITION FROM OCCURRING.
Pl TN IE R BN A S SR e S T IS T S G S e

FIGURE 4-7
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EFFICIENT BLOWN WING

& WITH EJECTOR FLAP FOR STOL

,:': (STATIC THRUST AUGMENTATION APPROXIMATELY 1.5)

.}’ <D{}H>

e CHOKE CONTROL ,
‘:' |:;
; )
i FIGURE 4-8 :":::
: £
SUPPRESSION OF FORM DRAG .

DUE TO ANGLE OF ATTACK AND WING THICKNESS

W ]
t .a:l
N s

) ]
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oy ( BOUNDARY LAYER A
) GROWS WITH INCREASING ANGLE vy
A CONVENTIONAL SINGLE FOIL OF ATTACK & THIGRNESS
::l 0

* SOUNDARY LAYER GROWTN Ay v,
! unt SUPPRESSED BV Sua0i0 q@ FP x
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ASPECT RATIO
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OF LOCKHEED C-130
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PW2037 3-STREAM DERIVATIVE

80% commonality with C-17 and B-757 engines

e Increased flow LPC

e New inlet case with variable
DIGV's
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THRUST MANAGEMENT FOR WAVE-OFF

ALL ENGINES ®  ONE ENGINE OUT =
§0% POWER LEVEL ©®  MAXIMUM POWER ON LIVE ENGINE(S)

BLOWN FLAP FOR NIGH LIFT (LOW SPEED) @ BLOWN FLAP FOR HIGH LIFY
(WING LIFT RETAINED OEOD)

MODULATE LIFT AND/OR DRAS
FOR GLIDESLOPE TRACKING @ CONTROL ROLL/YAW/PITCH
OUE TO THRUST ASYMMETRY

KiLL FORWARD THRUST FOR

STEEP GRADIENT MINIMIZE -~ RESTORE FORWARD THRUST FOR CLIMB-OUTY
(VECTORED THRUST OR YP FAN| NEIGAT (RE-VECTOR}
L0$S _ \ )

FIGURE ;-1 5

C-130 PL LANDING PROFILE — "NO FLARE" TECHNIQUE

APPROACH 2 PW PROPULSION BLOWING ENGINES
Ve726KT =
M REMOTE BASE WEIGHT = 153,000 LB
Q CL'OD
., o=
o Fe4s° —\
o TOUCHDOWN ~ g
'~ V726 KT Cenhos
(Y Vge* 9.6 Fps db
50 FY o € <60
- b 49
BAHRIER o acte
»,
HEIGHT o FULL BRAKING
§- Ad = Qab
THRUST ZERO
KN sTop
L J 1410 FT
§- FHOM BARRIER
»,
.Q
»
T L] T L] ' T
o 500 1000 1600
OISTANCE-FT
*—— 628 FT AIRBORNE ——+ | @———— 782 £ T GROUND ROLL

FIGURE 4 =1
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, CHAPTER V Ak
A
1 DRENL
B, TECHNOLOGY DEMONSTRATOR AIRCRAFT g
"!:.; :q'.:\'
\l’ U.S./CANADA DEVELOPMENT SHARING - EACKGROUND "?;
WOy
) This chapter assumes an cventual USs/Canada collabarative e,
: Ty
) Jaﬁ
program ftor a flight demonstrator aaircratt. The history of .?5-
.‘ j.-.:‘- ]
: U.S./Canadian defence co-operation dates back to 1941 and the .?;ﬁ
. . “u !»
; Hyde Park Declaration whi:ch dealt with the mobization of each E}ﬂ
L, =]
- 'l- F..
country’'s deferise industrial base to support the war effort. In N
X ::.“:'s.
; 19263, a Ministerial "Memorandum of Understanding in the Field of E}:f
o AL
Cooperative Development," superseded earlier agreements with the Lteal
g O
¥ -
'. -'. ‘a
! individual U.S., services. This change was precipitated by the dﬁe;
- »
] “‘,\:;’
: transfer of large-scale Research and Development (R&D) from the &3¢{
' S
3 Department ot National Defence to the Department of Industry AL
o
following the cancellation of the CF-10S Arrow fxghter.1 :?;Z
DS
P RS
i In the United States the USAF has the research, development v A
.’l:). ‘;‘:}’
' and productian responsibiisities for 1ts own weapons systems. In B
F. AR
o Canada, those responsibilities are now divided between the e
. »‘.‘:'.‘:
’5 Department of National Defence (DMD) which funds a minor share ff}}
» LR
e
0of RBD projects in support of its defined requirements, and the ) ne
: Department of Regional Industrial and Economic Expansion (DRIE) ?ﬂ’
- S
. . RGN
L which sponsors large scale national R&D projects. While both B -
y ’ A
f departments have funded, and cantinue to fund, augmentor wing ’”
Ry
; regsearch, DRIE is responsible to lead the development until 1t &:ﬁ'
ROy
meets DND specifications, at which time DND would commit funds R Sl
.-.'I\'I 9
for 1ts portion of the production. Cteps are 1n progress tfor L
TR
the Chi1ef Research and Develouph .nt (CRAD) within DND to become WL
¥ l%:‘
morw active 1 deferCe research and developmwment leading to “ﬁ$:
i
Ry
productior, 3and i1n Augmentor Win3 R&LD 1n particular. . =
SRS SN
4 A
¢ V) -1 - Lt.Col. J.E. MGee C- N
N, "




s C-8B BUFFALO AUGMENTOR WING RESEARCH AIRCRAFT (AWRA)
' In 1970, the then Department of Industry and the National
. Aeronautics and Space Administration (NASA) supparted a De

Havilland Aircraft of Canada Limited (DHC) project for flight

#

research into enhanced Short Take-0ff and Land (STOL) through

Augmentor Wing (AW) technology.2 The flight research vehicle

was a DHC C-8B Butfalo.- The jet engine and blown augmeantor
B
3
E flap wing modificatiaons were completed by Boeing 1n -eattle.
>
! Flight testing was at MNASA Ames, California, with a braef
1

follow~-on session at the Mountain View airfield near Canadian
:' Forces Base Trenton, Ortario. That warly research veritied wind
| tunnel data and proved the field and engine-out performance
L)
5 enhancements of an augwmentor-wing jet-engined transport
. airrcraft. In the course aof tewtaing, the AWRA has been flown by
K.
o represcentatives of all US serv:icew, the RAF, CF and by Canadian
I
, and US civilian pllats from rnational serospace agencires and
; tndustr sy (Lochbheed-CGzorgia). The hondling characteristics ore
A
M 1mpressive and, perhaps, best o.press=d by an RAF test pilot
- wilith =.tensive experience fl,ying transports and Harrtiers.
: Following his third sortie he began experimenting with the
L)

controls to exploit the AWRA's performance potential. Hio
)

report concluded that the handling characteri1sitcis waere
L}
> comparable to a Harrier, thus he was ver /, comnfortable with the
.
§ 21rcraft when making slow wpeed precision landings, approuaches,
L
[ ]

gc-arounds, and landirngs with a simulstaed engine farlure, {u
: - l'w[rlr.'.-;

2 Lt.Col., 1.€. mfuce C-

L]
1
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PHASE A STUDIES

\
R
R By 1981 the AWRA had accumuloted data from over 200 hours of
B
Dy ) test flying. The next step was to consolidate the technology
Y
and determine the most appropriate marlet segment on whaich to
L)
-l
* focus future development. Before settling an the C-130 s512ed
4
-~ aircratt, parametric studies matched the AW technology with
L]
1
A
u‘ Short Take Off and Land (STOL) and Vertical/Short Take 0+f and
. .
a Land (VSTOL) aircraft in a variety of nav, and air {f0rce roles:
'f'
%' Carrier On-Board Delivery (COD), Antisubmarine Warfare (ASW),
0
Airborrne Early Warning (AEW), twin-engined tactical airlaifters
1,
=)
. from 100,000 to 230,0001lbs. design gross weight, and three and
! ~
ﬂ +our engined aircratt weighing up to 500,0001bs (including AW
‘ L]
¥
-G versions of tt.: YC-14 and YC-15). While the AW technalogy
f‘ proved to be caompatible with all of these, De Havilland’'s
f;\ business decision was that the biggest potential market, and the
ol A ‘
greatest immediate interest, lay in the C-130-sized tactical
N s
" airlifter. This conclusion was consistent with Canadian Farces
e
"
;}; requirements for more intra-theater aircraft capable ot li1fting
R
;) over-sized cargo over strategic rargews:
.
D "Further, Canada'’'s reinforcement capability with respect
,ﬁ to our Europecan-based and -ass19gned forces 15 clearly
140 inadequate. "
S
L)

Marl et survess by the Caradiarn Goverrnment and De Havilland

and speciaslist consultants have shown the vaiability at an

R

Augmentor Wing followm-an to the C-1270, 35 well as to a range oOf

other airrcraft applicatianus. Discusaions with potentaal ;

W} industrial partners have reteived Ccourtoeoa s Lot cautilous

K

1\

d responses, I1n o fiscal climate whiact dues not Seel read, to

Ly

e support the new "approved” C 17 Lt ste e osarlbitter lel alone 4
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%\
it
W new tactical airlifter, Lockheed-Georgia which hus had a
g
!
Y Memorarndum of Understanding with De Havilland for the exchange
“i
y of data on this technology has felt, perhaps, the greatest needa
.
:'3 for caution in this area because 0of 1ts successful windfall sale
™~y
-,
-1 of C-5SBs as 3n unexpected prelude to the C-17 start up. Yet,
il
'&3 Lockheed could have the most to gain with thz potential to
V)
e appeal to the widest possible customer base through retrotit ot
A
i) current C-130s, new sales of C-130s maodified on the production
ooy
q?’ line and ar all-new design Advanced Tactical Transport. o+
bl course, it 1s not essential that Locliheed be 1nvolved 1n ei1ther
o
?E the retrofit or the new-design projects.
b
Ay
b, PHASE B STUDIES
;J% During Phase B, aircratt ond erngine configuration and systens
-:‘::4
B\ design will be finalized. Draviirige produced in this phase will
:{&
‘:q be sufticiently detailled to permit demonstrator circraftt to be
A buirlt-to-print, once the gao-sheayd 15 girven for Phase C. The
2 Bl
,".r\"
.7 scope of Phase B will includsz:
2N
o
e ™
Nfﬁ a. Internal and external confijuratiaons;
LML b, S, stems and flight controls;
;)L c. Development af threc-stream version of the FWIL3I7;
'3{ d. Nacelle, p/lon and engine 1nstallation definition;
s €. Wind tunnel testing of C-120 demonstrator configurataion;
,}ﬁ . Performance target contirnation;
f{? 9. Develaopment af speci1fic har dware campornents
-.'!-" (e. 3., flap, noszle and ducting);
“JQ Fhase L 15 an 18 month pro3ram of joint airframe and engine
¥
* 3\
1} des1an ard development., The cost ot the development work
4 ,\
'h_’\
1) preparatory to the conversion of a demonstrator 15 estimated ot
:?? BIBM for the airfrone and $29M tor the engines (193s Canedion
o,
‘o dollars)
oo
e
]
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PHASE C - DEMONSTRATOR CONVERSION

Prhase C will comprise the conversion and flight evaluation of
the demonstrator. Two hundred hours are planned for flight
testing.
Rolls Rovce Demonstrator Engine

Rolls Rowvce Canada collaboration with De Havilland culminated
in a 1984 proposal to develop an engine for the demonstrator (RB
419-03), combining the Spey 202 core with an Allison TF41
intermediate compressaor. An RB419 powered demonstrator would
show performarnce advantages ocver the C-130 in cruise (M.27),
field perfaormance (T/0 and Landings in <1000ft), and full

payload range (approximately 2,%500rnm). Rolls Royce also offered
a turboprop version of its RB 412 with a somewhat slower cruice
speed in the order of M.S or M.2. Rolls Royce completed their
pragram proposal in 1984. A Rolls Royce powered augmentor wWing
aircraf' might have particularly strong appeal to the RAF and
the European consortiumn, While the propaosal far a demonstrator
was based on a twin-engined aircraft, the techrnology permits a
praoduction aircraft being powered with 3 or 4 turbofan ar
turboprop engines, if required.
Pratt & Whitney Demonstrator Engine

The USAF team which audited the AW technology recommended De
Havilland consider US engine manufacLturers as potential
psrtrners. Pratt & Whitne, were $irst off the mark and proposed
a3 derivative of their PW2027 engine [Figure S-11 which is
currentl, in airline service with a military version slated for
the C-17. The cammercial PW2037 15 praoving to be a highly

reliable engine, and the militar, version 1s 2xpected to be
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'Ap il aiadond ettt oo ittt dsh it dtebadna haaind b hudialtenbiend bl A0
X ;
* :&
? o
“ cequall v relirable. Prott & Whitney ectimate that Lthe AW englrne :2
o
bo would have 30% caompatability with the C-17 [Figure S-11. Sirnee qﬁ’~w
i“ L
Y \n'.\ ':
" the PW2037 pawered AW C-170 (Figure S-31 met the requirements of AN
oy the USAF technology audit t-.w, 1t was selected as the baseline f<j
o phe
s for the demonstrator program [(Fi13uare S-41. Eﬁ¢
::: PHASE C - PROGRAM AND COSTS ’,..,
3 The Phiwse C Demonstrator Frogram wouwld cover a 30 month i:
4 periad. The costs are estimated at £P0M for the airframe ﬁQ”
€< modi1fi1cation, assemtl, and contractor flight trials, $70M for ﬁ“i
e three experimental flight enginces, $14M for a basic C-130 ﬁ?
b
) k4
:ﬁ airframe, and ®16M for flight trials at a government facility, ﬂ*
3 ]
W )
: for a total of $190M (US 1986). A praogram cost in the pbrder of Y f
‘ U
tf E200M, or $100M per partrer, is not eucessive in the aerospace o
o S
o industry; however, even this cost could te reduced further RS,
;? {'"*_\
i through the provision of existing hardware and facilities: & ot
used C-130E, test facilities at Edwards Air Force Base, Canadian -
o4 T
L Forces Base Cold Lake, NASA Lewis, NASA Ames, and Arnold X &
) ) ]
3 neer s i
- Engireer ing Development Center, for eiample. % )y
: W
SUMMARY _
;1. O'."D;'
,j The AW Demonstrator project 1s a means of proving the concept b(:
45 wia
. with a3 flight vehicle which is well known to and respected by ! ;
EX) 'O )
]
2 tactical airlift operators, and which approximates the ;‘1
‘. a“r- .
"4 AR
:" charactericstics envisaged in an Advanced Tactical Transport *Q'
R :}.
5 . Pt
.* (ATT) . It is rnat intended that a demonstrator would freeze the I
. :
A design for any particular develoomental or production aircraft. :
e 2
gﬁ The AW demonstrator program hass these unique features. First, }}:
-
N e
'ﬂ it could be bypassed since the te2chnology 1s sutficientl, mature s‘
" o
- to proceed directly to production-model prototyping aof 1nventury
:" -
;.:. \ -“‘:
.l'. u:k
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U oy
or assembly line C-130s, or a new desi139n. Second, the ?T
:' by
R0 LS
i@q\ demonstrator could preceed the retrofit aor assembly line C-130 «i
by ) o
MY )
X ol
.M‘J moditications, or a new design airlifter pragram. Third, the yi
N )
demonstrator could be used ta extend the Augmentor Wing Advan.ed R
i; SN
X “~
g‘ technology into ths Vertical Short Take-0+f and Land (VSTOL) or o
i} -
3 i
t Short Take Off and Vertical Land (STOVL) regimes. 5ﬂ
§-‘.-"' ‘ l
{ Until a decision is talken for a production maodel Augmentor P
Aa* R
i":‘ by
n& Wing airlifter, a demonstratar program should be pursued as a ﬁ
¥y "
4 Y X
?, priority means of exploiting the technology while awai1ting the ?a
mg.‘ ;
LD )
praoper climate to fund development and production. The Canadian [
3:! ¥ -q
offer to underwrite f1fty percent of the ®$200M cost of a i
oy
gﬁ demanstrator program should comwmend itself to the USAF, 00D, ond i?’
e o
{} to the Congress each of whom will face 1ncreasing fi1scal j£
bropc’ ey,
b | | ]
& pressure, hence difficulty furding the many detfense prajects :Q
h> .
’.‘w\ competing for scarce capital. Moreaver the opportunity to share QQ
i e
1,0%,) ‘ Mt

the cost of a major defense production program with a si1ngle

P2
o/

A:j partner,or coalition, 1n the near-term should be an attractive 5{
oA ey
| o Y.
'2& alternative to the potential for indefinite program deferral 1f xj
ﬂ-_J.‘ Y f
;) relving on purely national priurities and domestic funding. The
l"a . . :""v
il time for a joint pragram 15 now. Brte
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et NOTES
..l 1o’
“:'
? 3 CHAPTER V
i
iy
'rﬂ. 'United States-Canada Defence Development Sharing Program,
)
.ﬂf and United States-Canada Defense Production Sharing Proqram,
f#a External Affairs Canada pamphlets explaining the historical
f: authority and current United States policies and mechanisms for
N Fih joint development and production. For more on the CF-105 Arrow
) see footnote 9 at Chapter 1I.
) .\j 5
AU “DHC has earned a reputation for producing waorld class STUL
'f& aircraft highly suited for tactical airlift and special
'ﬁi operations. It is natural that they would strive to develop a
s () » technology cambining the jet engine, and high speed cruise
performance with STOL to enhance productivity and
*fl cast-effectiveness.
3Developed for the United States Army as a tollaow-on to the
:@ : C-? Caribou, a large sale of these aircraft to the Army was
Qh about to be concluded when the deal fell victim to the United
s States Army/United States Air Farce agreement which allocated
‘fﬁ) rotary-winged aircraft to the Arm,y and fixed-wing alrcratt to
g the Ailr Force.
o2 a
\$ Flight Lieutenant T. Brown, RAF from Boscombe Down 1n a
) report on his five sorties I1n the AWRA 1n 1932.
4,
s SThomas d’Aquino. “Matiornal and International Securit, -- A
. : Forgotten Priority: A Business Council Perspective on Canadian
»E&: Cefence Policy," From the text of an Address to the Conterence
S of Defence Associations, Ottawa, January 10, 1985, p. S.
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when 3-stream derivative certified

 Retains 80% commonality with PW2037
« PW2037 will have been in service 10 years

« Exceeds C-130 PL requirements
« Development/production program defined
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CHAPTER VI

FUTURE DEVELOPMENTAL AMD PRODUCTIOMN PROGRAMSZ

“To meet our airlitt objectives, we must improve our

existing airlift forces as well as acquire additianal

lift capacity."1

C~-130 RETROFIT & PRODUCTION PROGRAMS
Secretary Weinberger’s jguidance has praofound implications

when considering the guantum operational and economic benetits
which could accrue from the application of Augmentor Wing (AW)
te2chnology. The demonstrator program discussed at Chapter V
could be viewed as a decisian rode leading to optional means of
producing operational variants. One branch would lead to
praogram terminatian if the techrnology or other factors precluded
development. One branch would lead to a pragram to retrofic
operatiaonal C-130s. One brancti would lead to a program ta
manufacture Augmentor Wing C-130s from the ground up on the
assembly line at Lockheed-Georgia. One branch would lead to an
Advanced Tactical Transport. Any decision to proceed could, 1n

time, lead to each of the ather programs becoming econonically

and operationally viable. Far rnow let us consider the

production line version of the Augnentar Wing €C-130 referred to

s as the “"C-1230 PL" by De Havilland.

ﬁ PREDICTED PRODUCTIOM RUNMN COMVERSIOMN COS3TS

E Cost data for 3 production run 0f the PW203? powered version
.)

n of the C-130 PL will be considered representative of the RE41?
:

3 varaiant, Similarly, the cowt ot & retrotir1t conversion and a

i production line C-120 PL, @r Transall, will be considered to bte
:

: the csame. While this approach ma, oversimplify cost and timing
E

I vI -1- Lt.Col. J.E. mM“Gee CF
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considerations, there should be reasonable confidence in the
estinmates given.

Following completion of the Phase C Demonstrator program a
Full Scale Development (FSD) thraoaugh Federal Aviation Agency
(FAA) Certitication of the PW203I7 will take 42 months and cost
$200M (1986 US). Delivery of praduction engines could begin
three months after FAA Certitication. The predicted costs of
converting C-130s to the augmentor wing and engines, in
production runs aof S0 to 300, are shown below.

ERERICTED CONVERSION COST TABLE (SM U,S [702).,

® OF A/C 30 100 180 200
AIRFRAME &.0 4.9 4.6 4.9
ENGINES 8.2 8.0 2.2 2.2
TOTAL $14.2M $12.9M $12.3M $12.2M per aircraft.

Otsthe 1800-plus C-1308 which have been built, the *. .

..

*A®" models will be able to remain in service through the
mid-1990s, and the later models into the next contury.'z Not
all 1600 remain in service and more will have been retired by
the time a production engine éould be developed. There is a
saying that the only replacement for a C-130 is a new C-130,
thus it is likely that the numbers of operational C-130s will
not diminish much below current levels. Observing also that the
RFP initially calls up only 300 new tactical airlifters (of the
518 identified by Secretary of Defense in the tactical airli¢t
role)! the remainder are Augmentor Wing retrofit modificatiaon
candidates. In this era of exceptional fiscal constraint,
conversion may be the only possible means of getting smsignificant
operational improvements into the tactical airlit+t and special

operations fleets. Certainly, faor a variety of reasons, some

e~ =~y oy
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CHAPTER VII

Y FIGHTER AND PILOT TRAIMER DEVELOPMENT

st
.:‘:"l:y‘
ﬁﬁ'w The thesis of this paper is, primarily, to show the benefits
m of augmentor wing technology to the development of new military
L8
gi airlifters. But the technology has other applications! a brief
%4‘ examination of which will afford the reader a more thorough
LT understanding of the versatility of the technology, and the
22‘ extent of the research and development woark which has been
“
%ﬁ initiated by De Havilland Canada and supported by Canadian and
a United States government agencies. Specifically, analytical &and
"
’$§ experimental studies of Supersonic Short Take Off Vertical Land
'“1 (SSTOVL) Fighters and transonic pilot trainers will be briefly
'
:; reported on in this chapter.
*i SUPERSONIC SHORT TAKE-OFF VERTICAL LAND (SSTOVL) FIGHTER
iﬁ DEVELOPMENT.
}fyfé‘ On October 22, 1985 the United States’' Natiaonal Aeronautics
fé and Space Administratiaon (MASA) and the Canadian Department of
} 3 Regional Industrial Expansion (DRIE) signed a cooperative
e
’5$ agreement for an Ejector Lift/Vectored Thrust (EL/VT) aircraft
5)' research project. This is the latest in a series of agreements
2; between MASA Ames and the Canadian Government [(Department of
ﬁq Nationa)l Defence (DND), and DRIE) spanning a decade of joint
é?; research and wind-tunnel testing of half-scale models of generic
;: Short Take-0¢¢ Vertical Land (STOVL) fighter aircraft. De
«
.M‘ Havilland Aircraft of Canada Limited (DHCX is responsible far

the research which is a natural extension of their earlier work.
De Havilland will develop the concept, manufacture the model

and integrate the powerplant and laft system i1nto 1t. NASA will

'\

> '-\‘ "-.

*5_¢”‘¢.
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N thoen complete phase one with static tests at a new NASA Lewis ¢

) '
M) ]
b?b facility using 3 remote air suppl . FPhase two will involve q&\
(3} t
Y 0y
SN fitting a standard j=t engine to the model for static and !
ANy wind-tunnel tests in the Full Scale Aerodynamics Complex at the
!"’t;
O
{Qé NASA Ames Research Center. MASA has given this project a high "
". W
e
hﬁ? priority in its examination of Advanced STOVL technologies f
e "
& scheduled for completion in 1988. \
YW .
OSALY ) ) .
Aﬁ; De Havilland has developed expertise in fixed wing aircraft
L
oYy
B hovering and in transition to conventional forward fl1ght at
A &
. speeds up to 150 knots. Faor the synthesis of their STOVL

4 /
g%f technology with high performance transonic and supersonic :
ol V.S
'b% technology they have collaborated with the United States :
) ]
: aircraftt industry, General D/ /rnamics E-7 [Figure 7-11 concept
o
")
f . uses De Havilland EL/VT tt=.-chm:nlog;"l and De Havilland continues )
L) .
mg: to worlk with NASA and General Dyrnamics. A

THE OPERATIONAL UTILITY OF SHORT TAKE OFF/VERTICAL LAND (STOVL}

iptty
N
\&3 The utility ot STOVL was proven by the Harrier during the s
B g
}:§ 1982 Falklands Conflict. The inherent design characteristics 3
LN [
needed for STOVL in a fixed-wing aircraft, such as Vectoring in
o
BTy Forward Flight (*"VIFFing") translate into high combat agility. .
R )
N
jaq Most of the engagements betweer combatants were at high speed
o
¥ (5S0Ktes) and at low level (between 50 and S00 feet above the
I o) .
F : terrain or the sea).- High G and rapid :
p'& .
" acceleration/deceleration maroeuvres 1n this essentially K
hﬂ g
:;; harizontal plane opened a new crapter on aerial combat tactacs.
ol .
i)
& Tactical agility is & power+.l bonus to the current main
)
%w motivation behind the develogn~..L ot STOVL fighters: off-base
00 _
operations. The elimination of the conventional dependency an ﬁ!!
o
b .-_:f
; vII -2- Lt.Col. J.E. M%Gee CF
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inherently vulnerable runways, and launching or recovery aids

enhances the flexitility of air operations and increases force

survivabllty.4

STOVL aircraft can be quickly and economically
repositioned, concealed from attack, or launched against the
threat. With thrust to weight ratios of 1:!1, Harrier experience
has shawn that vertical take-off is most frequently used for
repositioning aircraftt at lighter weights, and short take-of+t
(1200’ ground raoll) is preferred for combat weights. A
supersonic fighter would likely be employed in the same way!:
short take-off and vertical land.

Sthort talie-off is not a critical problem for most
Conventianal Take Off and Land (CTOL) fighters; however, the
high energy levels make short field landings difficult.

Vertical landing capability greatly increases the likelihood of
recovering aircraft when airfields are denied due to combat or
weather. Where runways have sustained damage, the flexibility
of short/vertical take-off and landing permit air operations
when they would otherwise be 1mpossible. In NATO Europe this
couvuld be a3 crucial factor. Extremely slow speed approaches to
vertical landings increase the likelihood of safe aircraft
recovery reqardless of weather conditions. A direct operational
benefit is a reduction in fuel margins leaving maore fuel for
combat. Other benefits include, independence of wind direction
and runway friction, aomni-directianal nan-precisian approaches,
and the STOVUL aircraft can slow down and/or stop in flight 1 f
required.s

The reintforcement of central Europe by tactical fighters will

very likely tax the ability of tost bases to accammaodate them

VIl 3- Lt.Col. J.E. M“Gee CF
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and to provide for their security under attack. As reported by
Michasel Gardan, base availability was of fundamental concern in ;'
that segment of the Long Term Defense Plan which dealt with
United States reinforcement of Europe. The 1,500 committed
aircrat+t could not be accommodated at the 25 U.S. airfields.
The plan to disperse them aver more than 70 Co-located Operating
Bases (COBs) has tactical and protective value. It also has
associated cost!: The fiscal cost of shelters ftor the aircraft
and the tactical cost of depend2ncy an thase airfields for not
only support but survivability.6 STOVL aircraft which are more
readil:y camouflaged and hidden off base have l1nherent survival
capability naot found in conventional aircraft. Moreover,
European weather and airspaces sa3turation pose additional threats
to the timely deplavyment of rapi1d reactor and reinforcement
aircraft from North America. STOVL aircraft capable ot very
slow aor vertical approaches are moare likely to arrive at planned
destinations on time.

Off-base operations permit supporting the army with aircratt
just a few miles (18-20) behind the lines. The resultant
enharnced reaction time and targyet selection 1ncrease the

effectiveness of clase air support.

Sea-torne operations are similarly, enhanced. STOVL petwvats
sofer operations from smaller, less complicated ships 1n wedather
3and sea astates which would preclude conventional carraer
aircraft operdtxons.7 However , STOVL ot 1tselt daes not
restr ict ar timit the s12« of wnio. Indecd, 1t enhances large
cart 1er operations. For e ampal) -y STOVEL also affords naval

architects the fl=:ibi1lit, of d:ou19n1ng more cambat

Vs VIl 4 - Lt.Col. T.E. M“Gee C!
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A
o]
o
. effectiveness into the largest of nuclear attack carriers by b
; %
: . replacing the space used for arrestor gear and catapaults with %E’
. e
i E’ \
e o e
g "tV fuel and ammunition, and freecing more of the flight deck for -{
aircraft, additional squadrons can be embarked. ?—u
t] )‘::J‘
d ADVANCED TACTICAL FIGHTER (ATF) REQUIREMENTS i\;
¥ o
f While little specific data will be listed here on 1ndividual :
M
+ighter requirements, all nations are seeking greater agility "E
. e
' for air fighting and threat avoidsrnce, longer range and more }?'
< ,‘:
' .
: survivability. Larger and more sophisticated electronics ?@
Vi
countermeasures packages and improved weapons payloads will be LD
wa !
0
- g
\ expected. f‘"
[y
! USAF sponsored research for improvements in F-15s and F-lés ¥
P " a“.l
B suggest the next (advariced) fighter will be highly -
3 o \d
. = ¢
| maroeuverable, with 2-D vectoring nozzles a la F-15 STOL, have _Q.
» K4 o
<4
r. - at least twice the tactical rarnge of the F-15 (with a §59
5 2
transatlantic ferry range), and will likely be twin &ngined

aircraft capable of supersanic flight (M 1.3) in basic engine.

420, R0
P2 o
A

Field performance will martk a me)or change: taklkeoffs and

¢ »
) %,
landings in 2,000 feet field length faor continued operations
e
; wi
M from bombed runways. (De Havilland studies show thear b‘s
)
- o
& supersonic fighter to be capable of a take-off ground rall of q,:
4 \
1 500 fect or less at mission weights, and vertical landing. Cm
¥ [V aud":
] Vertical take-off would also be possible at lighter weilghts.) e

FOTURE DE HAVILLAND EJECTOR LIFT/VECTORED THRUST (EL/VT)
TECHMOL OGY

De Havilland and NASA will be conducting wind tunnel tests
and flight simulation trials of the General Dynamics/De
Havilland E-?7 canfiguratior. The Canadian Department of

% Mational Defence (DMD) is furding & program to design and build

vII -5- Lt.Col. J.E. MSGec i
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» a 1/4 scale model of an SSTOVL for test in the National

) p
:* Aeronautics Establishtment (MAE) 30 x 20 ft. turnnel in Ottawa. El~“
" &%
; DND and NASA are also cooperating on low speed testing of an

existing large scale madel [Figure 7-21. Data from these tests

'
\
'ﬁf will be used in the full scale test being jointly funded by the
L; Canadian Department of Regional Industrial Expansion (DRIE) and ;
;¢ MASA. Results of the full scale testing in the NASA 80 x 120 i{
;E ft. wind tunnel will provide aerodyrnamic and stability EZ
.; derivative d.ta for flight simulation. This will then lead to ;
o trials "using the large-scale moving base flight simulatiaon
4
.§ facilities at the MNMASA Ames Research Center-."8
%; ADVANCED SHORT TAKE OFF VERTICAL LANDING (ASTOVL) COMBAT
5; AIRCRAFT
.ij This joint work with NASA is aimed towards the éelection of a
i
“E technology configuiration for the Advanced Short Takeoff
i Vertical Land (ASTOVL) combat aircraft program. Its objective
&; is to seek a replacement for the AVS8B Harrier in the UK and U.S.
W
3; inventories. “In Britain, ASTOVL is seen as the follow-on to
;) the . . . Sea Harrier. In the USEA, ASTOVL would be timed to
5; follow the Advanced Tactical Fighter (ATF) as the F-16 followed
Koy A | . .
é’ the F-15. While the ATF is several years behind the European
;* program, the ATF and ASTOVL schedules would probably overlap . .
“:j .*? since the foundation already ex.sts for a joint US/UK
‘ig ASTOVL coopersative program, the US/Canadian collaboration
L)
“ﬁ provides the opportunity to broaden its base. Particularly i+t
;ﬁ the EL/VT technolagy is chosen faor ASTOVL, it would be a

“t

powerful incentive for DMD to participate in a reasonably large

>
¥ productiorn run and rebuild 1ts fighter farce.
R
A
0
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ADVAMCED TRAINER EMPLOYING EJECTOKR LIFT/VECTORED THRUST (BEL/7VI)

The Canadian Forces (CF) have . pressed i1nterest arn an EL/VI
advanced trainer for pilots 1n the under graduate and
postgraduate fighter trairning stream. With the retirement of
the last of the CF century seri1es ti1ghters, planning 1 1n
progress to optimize the training towards the CF-18A. The new
advanced trainer should b2 highly agile, accustom pi1lots to the
rapid onset of G, have an inherent weapons capability, and land
in the same speed range as the CF-18 (125 Kts). wWhereas CF
basic pilot treining is conducted side-by-side, the advanced
trainer should have tandem seating [Figure 27-31. A simplartired,
unarmed version of the aircraft would be used for undergraduate
training. An armed version would be used for postgraduate
training. The aircraft waould be capable of in-flight
refuelling.

Advarnced manoevering and aircratt trim authority from the
powered lift system would be realized from the takeoff rotation
through landing. Direct Lift Control (DCL) systems examined
included the F-111 Advanced Fighter Technology Integration
(AFTI)Y, F-1S Agile Eagle, F-16 manoeuvering flaps to increase
wirng camber, and the AV-8B Harrier Vectoring in Forward Flight
(VIFFing). Direct Drag Control (DDC) to give the pilot full
control over acceleration and deceleration was also examined.
In addition to the converntional means of deceleration thrust
reversal (Agile Eagle), pylan split flap (Alpha Jet) and, again,
VIFFing were evaluated. Direct Si1de Force Control provides new

manoeuvres such as lateral translstiaon or "sidestep" (yaw

pointing), and the Wings Level Turn (WLT) or Flat Turn

VIl -7 Lt.”ol. J.E. M%Gee CF
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marQéuvre with minimal sideslip (which virtually eliminates the
tendenc . for a rolling moment to be develaped). Agility from
ar.. or 3l of trese concepts would be valuable for target
acqQuisi1tion and/or evaslan. The landing approach configuration
ol 1l koo a mach reduced approcach speed for a given weight and
wir3 ares, et go-asround performance is greatly improved.

Tre <tul1 - 211 cratt wouwld be capable ot supersonic operations
o wer tbtan the CF-5SD, for e.ample, since it would reach M 1.2
1© tu=1c en3ine. At a sustalined mancevering speed ot M 1.4,
tu=l caornsumption would be less than 70 percent af the F-35.

Tris 1ni1ti13l worl: holds promise for an advanced trainer which
v ld przpare pillots to fl, and fight the modern agile fighters
wbiic b w1 ll bBe 1n-service a3t the turrn of the cerntury.
MM R

Trie trief review of fi1ghter and trainer technology was to
¥ D the depth of the De Havilland research an augmentor and
veperCtor teckhknologr and Lo reaffairm that the * . . . family of
wyCtor concepts [15) based on original research by de Havilland

Tt srd andairectls tracesable to DHC's Augmentor Wing Buftalo

t =5t axrcra#t."lo It haos also shown the agility and
sur .1 sbrlat s ot 8 STTOVL fighter which has the flexibility of
Operstirg trom minimall s prepared short surfaces.

"It 12 vital to remember here that we are describing
o 'survival to operate’ capabxlity.“11

British Aerospace= has talen a commanding lead i1n the
development of STOVL. The Har:t ier has proven i1tself and the
corcept 1n combat. Ironically, large sums are being spent to
develop a331le versiaons of ronventional combat aircraft when the

Harrier khag alread, led the wa, 1n $113nht agility, The next

UIl -g- Lt.Col. J.E. M“Gee CF
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threshold for STOVL is the attainment of supersonic speeds. The

" De Havilland Ejector Lift technology combined with British
AN
. B Aerospace's Vectored Thrust appears to be a logical synthesis of

two powerful cancepts which should be part of ATF and A/STOVL.
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STOVL SUPERSONIC FIGHTER MODEL j
TWO-TENTHS SCALE / T
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LARGE SCALE SPEY MODEL EL/VT CONFIGURATION
WITH CANARD CONTROL AND BLC FLAPS
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VARIABLE 2-D NOZZLE
WITH RE-HEAT BURNERS

' THRUST VECTORING (VIFF)

/ <1— PASSIVE MANEUVERING FLAP

VIFF) WITH RE-HEAT OF BYPASS FLOW

FIGURE 7-3
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THRUST VECTORING IN FORWARD FLIGHT
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CHAFTER VIII
e
;-;:' CONCLUSIONS
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"Air power is becoming i1ncreasingly expensive, and

ﬁ' if these costs are not to impose a crippling limitation
&&' on the development of future weaporns systems they must be
.}; talanced by corresponding improvements i1n effectiveness.
:;F When those words wers written a year and a half ago, the
«
‘R? author was contemplating the rising cost of aerospace products
W]
RN
&bj where inflation had outpaced other commodities by significant
B
Jg"‘

f&: margins. The resulting high costs were impacting defense

- budgets. Since then, the United States defense budget has been
A A

Rl
fﬁ) threatened by domestic fiscal reality through a congressional
]
v

v
ﬁd act given the name of its three drafters:
N
’%
. Gramm-Rudmann-Haollings. Mow, bold and imaginative steps are

¥
-;(
A#ﬁ needed to continue force modernization. One means of stretchang
‘.;a
'idw?j out the available development dollars is to enter into )oint
TRy

. research, development and production programs. This paper has
i
{“Q discussed the Canadian proposal for a 50/50 cost sharing i1n an
>

b
%f Advanced Tactical Transport (ATT) demonstrator aircraft program
LX)
‘) using the Augmentor Wing technology, and interest in the shared
e
N
ik: development and production of the Advanced Tactical Transport
Ly
.\: itself. Capitalizing on other current U.S./Canada joint

".
s

L

research projects in Ejector Lift/Vectored Thrust (EL/VT)

-

2%

technolagy cauld result in U.5./Carada develaopment and

% %8
S

production of the Advanced Tactical Fighter (ATF),
. Advanced/Short Take Off Vertical Land (A/STOVL) arrcraft, and an
o advanced pilot trainer. There are compelling operational

] reasans to upgrade this research into production praograms. Now,

) % vItl -1- Lt.Col. J.E. M Gee CF°
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v there are compelling budgetar »y and . Ograniati1C 1 cabuns,

KH

3

$

ﬁi AUGMENTOR WING TECHMULOOGY MEETY OkK LXCLEDL ALL1ED AIK FOKRCE

.; REQUIREMENTS

M

" This paper started out to show the advantages of using the De
(7

J* Havilland Carnads (DHC) Augmentor Wing (AW) technolaog, 1n

s

)]

02 tactical asirlifters as an attordable neans 0f watistying the

'

o requirements which a number o0f western air forces envisage at

K

! the end ot the centur . The specir1farcations being called up by
;&

? the ma)or users of tactical airlifters essentially reflect

e,

' incremental 1mprovements to the C-130. The AW technology

70 alternatives reviewed here have met or exceeded the pertarmance
s

"’

Y criteria i1n all cases, and are consistent with the USAF kequest
R )

& .

8 For Proposal (RFP) which calls for a twin-engined Advanced

a

,: Tactical Transport (ATT). The Bratish, West German and French
J:

;; industries which have teamed with Lockheed-Geaorgi1a to propose a
;,

3 Future Internati1onal Militur o Airlifter (FIMA) may require a

Q. three-engine, wide-body cargo contiguration, and De Havilland
$: has conducted parametric studizs showing the benetits 0ot the AW
<,

b technolog,y to a 3-engined FIMA.

@ Per haps the main advantage of the Augmentor Wing technoclogy
N,
*' is 1ts i1irherent adaptability. It 12 universally applicable to
D)

)

S' turboprop or turbofan powered ai1rcratt using 2, 3 or 4 englnes
1

‘Cd and ran3ing 1n s12e from apprasimately 50,000 to 500,000 pounds
)

L)

.ﬁ Desi19n Gross Weight. Wherever ailrcratt require high subsonic

>

o

crulse speeds, yet must operate trom short fi1elds, and where

operators want safe and e€a=il, countrollable approaches,
landings, go-arounds and talecofts whern the Craitical engine has
f3i1led, the Augmentor Wing tcechnulod, should be factored into

the design.
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. OPERATIONAL ADVANTAGES

‘
:-fﬂ' Payload/range and speed flexi1bility of an Augmentor Wing
. S
el _ . . A .
M aircraft which has virtually no Minimum Control Speed Air (VMCA)
. opéens new possibilities for asir land and air drop delivery.
K
o LAPES at 65-80 knots would improve accuracy and the condition ot
)
ﬁ the load upon arrival, and the quick response to throttle
[}
» movement would facilitate a high rate of climb, high speed
K
h egress from the low level threat environment. Requiraing only a
? 1000 foot ground roll (500 feet at lighter weights), there are
H
vastly more airfields aopen to the AW airlifter, 1ncreasing the
_: probability of operating in cluser proximity to the Forward Line
k)
f of Own Troops (FLOT) and lessening dependency on staging bases.
I
- This all translates into gredter reliability of delivery and
)
. 3reater productivity.
»

N SPECIAL OPERATIONS
Tre thick wing aftords greater +lexibility 1n offsetting
payload with fuel for laonger range penetratiaons with small
" patrols or light tactical loads. Excellent low level, slow
speed maneuvering and high dash speed combine with a relativel /s
low radar cross-section to a:1d 1n avoi1ding detection and enhance

evasith.

{ SEARCH AMD RESCUE (SAR)
".
- In S5AR the combination of high dash speed, long range, and
4
: uncomprom:sed slow speed stebil.ty and long endurance i1nherent
1n an AW al1rcraft enhance 1ts e‘fectiveness as a search
K
N platfaorm. The potential for developuwental extensian af the
L
1
’ fligrt regime to include vertical talbeoffs and landings and
k)
? effect 1mmediate rescue upan detection of a survivaor would
.!
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complement the other AW attributes to make it the complete
search and rescue vehicle whether in peacetime or in cambat.
AUGMENTOR WING TANKER

The thick supercritical wing of the AW modifed C-130 provides
for substantial fuel capacity in the wing box, supplemented by a
23,0001b. fuselage tank in the tanlker version. Thus, the
“KC-130 PL” has greater flex<ibility of speed, altitude and
ranges to refuel recipient aircraft in their optimum crulse
envelope. The Augmentar Wing airlifter as an in-flight
refueller, then, is the essence of a force multiplier and all
tactical airlifters should be capable of taking on or giving
fuel.
C-130 AUGMENTOR WING DEMONSTRATOR

The Canadian Gavernment will sponsaor a demanstrataor pragramnm
on a 50/50 basitis. Because the technology 1s mature and
development would have low ecanamic, technical and operatianal
risk, the pure AW technology "demonstrator" phase could be
bypassed in favor of building praductian aircraft! the first of
which would be the flight teust article. This would accelwerate
the Initi1al Operational Capability (I0OC) date and further
enhance system atfordabilat . In thi1s eventualaty, the
Jemanstratar praogram cauld be initiated 1n parallel to ex<tend
th= technolol3y into VYSTOL or VTOL. This would be a preferred
ostcome; hawever, if 1t is not 1rntended tao initi1ate a praoduct:un
proJdram in the near term, a denonstrator program should be

pursued imme2diatel .
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s C-130 PL RETROFIT OR ASSEMBLY LINE PRODUCTION lz
et
te¥ .
q& . Of the large number of C-130s serving in western air forces, N
[}
Aees 2
hﬂ a reasonable number will have to undergo wing replacement w
s
e modifications in order to extend service life. Other C-130s s&are .
o .‘
i“ operated by air forces which have special operational “J
;:‘: 5
’.
ﬁ& requirements which could be satisfied by an AW techrnolaogy s
! =
. variant. Such inventory C-130s are candidates for a retrotit
OQ f
e pragram. Likewise, some countries are trying to i1ncrease the Fs
)
Lo } A
Lo size and capability of their air forces in the face ot ke
LN
?‘ constrained budgets. The availability of a production line AW .
b N
e
g% capable C-130 PL for a reasonable price 1ncrement would provide >
i
.V an attractive vehicle with which to enhance force airl:ift,. As & ﬁ
i *
ﬁf less costly option to an all-new design, a production conversion Y
y &
p! ' l\
‘i C-130 PL would have spin-off benefits in the foreign milaiatary A
. N
>
W aid budget. By
Wi N o
. ADVAMCED TACTICAL TRANSPORT (ATT) N
B 2
2 Loolking ahead ta an all-new tactical airlifter with systems i
e S
iy designed for the operational environment ot the nest centur/,, B
L) A
the AW technology provides the flight characteraistics -
&
¢ 4
o appropriate to that era. A comparicon of the ATT RFF with the :
“u
AW performance specifications of the C-130 PL viwvaidl, ?,
demonstrate the advantages of AW technology. .
a‘_‘
SPECIFICATIONS RFP c-130 PL s
S1ZE C-130 C-130 )
WING AREA 1,700-3,135 sq f¢t. 1,745 sg f¢t.
ASPECT RATIO 6.34-8 12
THICKNESS/CHORD RATIO 12-14 249 -
PAYLOAD 44,000LES 44, 00CLEY < d
Note: the C-130 PL carries an int=yral 5, 200LBS £CIM fat -4
Thus, €C-130 PL effective pa,lcad is: {50, 200LLS) . g
COMBAT L.OAD 27,000LBS 44, O0OLES 3
DASH SPEED M Oo.7-M 0.35 M 0.9
RAMGE WITH 36,000LBS 1400nm 4, 000N ¢
4 4
- C ~ . o
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STOL WITH 36,000LBS 1500 feet <1000 ft grnd roll

STOL <3&4,000LBS S500f¢t grnd roll

vTOL 0-300 feet O achievable with
tilt wing.

ENGINE OUT 10% Reduction OK Capable of SE T/0.%

%¥5ingle Engine take of+ at mid mission wt, (36,0001lbs. payload).

As noted earlier, the RFP specifications listed above combine
the features of the two “"test" aircraft designs of the Advanced
TYactical Transpart Technologies (ATTT) study. Even the
Augmentor Wing C-130 PL performance predictions exceed by a wide
margin the capability being sought in an ATT. A new design ATT
optimized for AW technology would realize further improvements
in performance and operational effectiveness. While there are a
number of potential engine options, depending upon operational
and national preference, at this point the perfaormance,
reliability, efficiency, growth potential, and logistics
commonality with the C-17, of the PW2037 engine suggest that the
Pratt & Whitney/De Havilland combination would be a strong
technology caomponent af any team jointly develaping and
producing modified tactical airlifters or Advanced Tactical
Transparts.
FUTURE LARGE AIRCRAFT

For Future Large Aircraft capable of flying over strategic
ranges in the transport, tanker, ASW, and AEW roles, the AW
technology extends the cruise and payload/range capability of
conventional designs by adding STOL performance virtually
without penalty. These high value aircraft would enjoy the
additional tactical advantages of enhanced maneuvering, longer
endurance through slow speed loiter and the flexibility of
operating from shorter airfields and/or runways shortened by

tomnk damage. The additional margins of safety from slow

VILlI -&- Lt.Col. J.E. M Gee CF
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i
Ay
e 1Y approach spesds and the elimination of roll or yaw upset in the \
0"‘\'
A
b$( ' event of a critical engine failure, would increase the margin of
bty gy
0T
*kl safety and the probability of mission recovery in poor weather,
. t
even below conventional minima.

Ao
{Nﬁ ADVANCED TACTICAL FIGHTER (ATF)
‘l’ ADVANCED VERTICAL/SHORT TAKEOFF AND LAND COMBAT AIRCRAFT )
{%‘ (A/STOVL) o
t\ ADVANCED PILOT TRAINER ;
1 .
?b Joint U.S./Canada research and development work in Ejector W
>0 Y
o
ijx; Lift/Vectored Thrust (EL/VT) for Supersonic Short Take Off \
S
Eo ‘
i Vertical Land (SSTOVL) has the potential to provide the combat
1) 3
:P agility, and dispersal needed for fighter effectiveness and !
1'1k X
[}

’
M& survivability in todays air war fighting environment. These ;
‘
1y r
W
— same techniques can now be incorporated safely into advanced
Qﬂ; pilot trainers. Training undergraduate fighter pilots in these N
-~ -3
[ essential techniques on a less expensive aircraft prepares them -
> [
\*.M. !
LA 41 to optimize postgraduate training on the more valuable *
;?b operational fighters. Collaborative produEtion of these fighters
§
h{)
.§ and trainers would enhance the interoperability of NORAD and :
'Cal

L NATO fighter forces. !
i JOINT/COALITION PROGRAMS
j ,',:', h
’:g Secretary Weinberger and Congress have endorsed the principle =
' .
0 of multinational weapons systems developments. The effects of )
.'.’ ».
Wy Gramm-Rudman-Hollings could be sufficiently far reaching that "
Hly E/

> -
m, | = .
}f many needed praograms will never materialize as ane-nation ~
! .
.Q developments. The infusion of funds, technology and demand +or :
A_TA,
.;; the weapons system by a partner, or partners, carrespondingly

vb .." -
P N
:ﬁ_ reduce the liability and risk which the United States would have !
PES !
P !
Ve to shoulder. There is, also, a correlation between the size of Y

.j A defense effort a nation can and will mount and the scientific

A
o
A
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DRl “n
and engineering contribution and commitment which that nation <
NN ’
%51 makes to the development of its own weapons systems. The Y
_::'( _;f_‘ N ‘:'
x{ military, political and economic benetits ot such burden sharing lji
“» .
RA .
¥ would have great appeal within Congress, the Administration and -
i “-l - ‘
¥ -‘ DOD. -
i n
.}' Dr. DelLauer levied four criteria by which to assess the -
-. i y
‘: (‘ -
v Y validity and warth of joint programs. The application of .
T e -
RN Augmentor Wing technology to the tactical airlift requirements -]
N ]
N, meets these tests. First, it provides a quantum improvement in S
'Y .
operational effectiveness, and the larger production run of a ‘
!f} collaborative program further reduces per-unit cost. Secaond, ’,
ok ',
{?; the co-produced Augmentor Wing technology weapons system :
VA :
el 3
X fulfills military doctrine. Third, there is great similarity of =~
4 =
.Z- mission requirement amongst the U.S. services and western aar .
3 -3
-Q: torces. Fourth, it makes eminent sense - particularly since "
o -
.\—‘ "‘.Nh.-ﬂ
’ certain U.S. and Canadian aerospace companies and the research QHQ'
f‘ communities have achieved law risk, operationally oriented, ﬁ
o '
.

quality Augmentor Wing technologies which are sufficiently Q

mature to be applied to a range aof affordable, practical and

C

;“: operationally effective tactical airli1ft alternatives. 3

RS -

).‘j "

be For the past five years, the President of the United States v

.{:_ %

#

—ff has spearheaded a major reequipment of the U.S. armed forces.

e, .

ck The planned modernization is not camplete, and completion 1s in -

~ N :

AN .

> jeaopardy because of budget pressures. The Carnadian Government, h

o

« ¥ similarl,, has been trying to modernrnize and increase the

¢ﬂ: 9
o Canadian Forces after almost two decades of capability erosion. :

Ry )

", Fiscel realit, 1s constraining 1n both countries. Sharing 4
-

{f research and developnent, ond rwalizing the economies ot scale p
MG j. S

o
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" o+ co-producing needed systems are ways ot freeirng-up a larger oy
X phg'
. . praportinon of each country’'s defense budget for weapons s)ystems 6
LRI ot
) “'-\;- LY
Nlu procurement. '
d DA
. 9
] From the preceeding, one can only conclude that a United ==
o ::'.'
~ States/Canada Augmentor Wing technology development and %?
2 53
> production program would be operationally, economically and mh
LY 3
¢ politically timely. Since our European NATO allies are now ?ﬁ
L'
> planning the development and deployment ot an Advanced Tactical i:‘
L S
3 Transpart which 1s virtually identical to the USAF and CF :?ﬂ
requirements, and which 1s to be brought into service at the £
RO
b same time, the collaborative effort could be broadened to Q:
' s
o . 3 R ':J‘
. include Morth Ameri1ca and Europe. The Advanced Tactical "2
3
Transport 1s the right end for program collaboration, the |
¢ s
- Augmentor Wing technology 1s the right means to that end. Ca
- oY
L.l g
Nt At @
A .h“.h\\i H‘* )
QUB "U.S. alliances, treaties and agreements serve not aonly to
define clear lines against aggressiaon. By cambining the oy
2 resources of many natians, colLectxve security arrangements ?f
! also share the common burden. "~ i{f
! ]
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Argentine Air Force

Advanced Fighter Technology Integration
Antisubmarine Warfare

Advanced Tactical Fighter

Air Transport Group

Advanced/Short Take O+f Yertical Land
Aerospace Systems Division/Requirements Planning
Department

Augmentor Wing

Chief Air Doctrine and Operations
Canadian Forces

Co-located Operating Bases

Carrier On-Board Delivery
Counterinsurgency

Chief Research and Develapment

Direct Drag Control

Department of External Affairs

Direct Lift Control

Department of National Defence
Department of Defense

Department of Transport

Department o+ Regional and Industrial Expansion
Ejector Lift/Vectored Thrust

Federal Aviation Agency

Future International Military Airlifter
Future Large Aircratft

Forward Operating Lacation
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FTA Future Transport Aircraft
IEPG International European Programme Group
I0C Initial Operational Capability
LAPES Low Altitude Parachute Extraction
MAC Military Airlift Command
MENA Mission Element Need Analysis
MOG Maximum number (of aircraft) on the ground.
MP Maritime Patrol
. st
NAE National Aeronautics Establishment o
B
NASA National Aeronautics and Space Administration %ﬁ
¢
Dtk
NATO North Atlantic Treaty Organization W
)
NORAD North American Aerospace Defense et
NRC National Research Council &
RAF Royal Air Force ‘
RAAF Royal Australian Air Force 5;“?1
SAR Search and Rescue
SAWC Special Air Warfare Center
SOF Special Operations Force
SON Statement of Need
SSTOVL Supersonic Short Take-0ff Vertical Land
STOL Short Take Off and Land
STOVL Short Take-0+f Vertical Land
.
SWA South West Asia N
TMMA Tactical Mobility Mission Analysis A
‘ U.S.-U.S.A. United States of America ~
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Y USA United States Army - {j
Ny u\*
o USAF United States Air Force e
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United States Coast Guard "
United States Marine Corps J:
United States Navy :W
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Vectaring In Forward Flight :i
Fixed Wing Antisubmarine Patrol Plane E
Fixed Wing Carrier-borne Antisubmarine Aircraft i
Wings Level Turn %
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